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GLOSSARY 


Acrania : animals without skull (cranium) 

Anthropogeny : the evolution of j 

man (anthropos) 

Anthropology ; the scienee of man 

Archi- : (in compounds) the first or typical 
—as, archi-cytiila, archi-gastrula, etc. 

Biogeny : the science of the g'enesis of life 
( bios ) 

Blast- ; (in compounds) pertaininjir to the 
early embryo (hlasios a bud); 
hence :— 

Blastoderm : skin (derma) or enclos¬ 
ing layer of the embryo 
Blastosphere: I he embryo in the 
hollow sphere stage 
Blaslula: same as preceding 
Epiblast: The outer layer i>f the 
embryo (ectoderm) 

Hypoblast : the inner layer of the 
embryo (entoderm) 

Branchial: pertaining to the gills 

( branchia ) 

Caryo- : (in compounds) pertaining to the 
nucleus (carj/on) ; hence,:— 
Caryokinesis: the movement of the 
nucleus 

Caryolysis : dissolution of the nucleus 
Caryoplasm : the matter of the nucleus 

Centrolecithal : see under LeciTH- 

Chordaria and Choroonia : animals with a 
dorsal chord or back-bone 

CcELOM or CtELOMA; the body-cavity in the 
embryo ; hence :— 

Coelenterata; animals without a body- 
cavity 

Coeiomaria: animals .^ith a body- 
cavity 

Coelomation : formation of the body- 
cavity 

CVTO-: (in compounds) pertaining to the 
cell ( cytos ); hence 
Cytoblast: the nucleus of the cell 
Cytodes; cell-like bodies, imperfect 
cells 


Cytoplasm : the matter of the body of 
tlie cell 

Cytosoma : the body (soma ) of the cell 
Cryptorchism : abnormal retention of the 
testicles in the body 

Deutoplasm : see Pi.Asm 
Dualism : the belief in the existence of two 
entirely distinct principles (such as matter 
and spirit) 

Dystklkology : the science of those 
features in organisms which refute the 
“ design-argument " 

Ectoderm: the outer (ekto) layer of the 
embryo * 

I'.NTiMiKRM: the inner (ento) layer of the 
embrj o 

Epidkrm : the outer layer of the skin 
Kpk:enksis ; the theory of gradual develop¬ 
ment'of organs in the embryo 
Epiphysis ; the third or central eye in the 
ctirly vertebrates 
Episoma : see Soma 

Epithelia: tissues covering the surface of 
parts of the body (such as the mouth, etc.) 

Gonads : the sexual glands 
Gonochokism : separation of the male and 
female sexes 

Gonotomes : sections of the sexual glands 
GYNKaiMAST: a male with the breasts 
( masta J of a. woman ( gyne ) 

Hepatic ; pertaining to the liver ( hepar) 
Holoblastic ; embryos in which the animal 
and vegetal cells divide equally {hohn 
whole) 

Hvpermastjsm : the possession of more 
than the normal breasts ( masta ) 
Hypobranchial : underneath (hypo) the 
gills 

Hypophysis: sensitive-offshoot from the 
brain in the primitive vertebrate 
Hyposoma ; see Soma 
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Lecith- ; pertaining to the yelk (lecithus) ; i 
hence: - 

CentroJecithal: eggs with the yelk in the j 
centre 

Lecithoma : the yelk-sac 

Telolecithal : eggs with the yelk at one 
end 

Mkrohlastic : cleavingin pari ( meron ^only 

Meta-; (in coinpoinuls) (he “ after" or 
secondary stage ; lu'iu e : 

Mt'lagasli'r; the secoiidai'y or perma¬ 
nent gut (ifu^ier) 

Metaplasm : secondary or differentiated 
plasm 

Melasti>ma : the secondary or perma¬ 
nent mouth (s/otua) 

Meta/.oa: the Iiigher or later animals, 
inadi‘ up of many cells 

Mett)vuin : the mature or advanced 
ovum 

Metamera : the segments into which the 
embryo breaks up 

Meiamekism ; the segmentation of the em¬ 
bryo 

MonI'UA : the most primitive ol the uni- 
I'elliilar i>rganisms 

Mi>NIsm : belief in the lundtiinental unit} of 
all things 

M».)tti’iii)i.Oi;Y : the scieni'e of organic forms 
(geni'rally eipiivalent to anatomy) 

Mvi.>U'MI'.s : segments into which the 
muscles break up 

Nehiira : the kidneys ; hence : — 

Nephridia : the riKlimentary kitlne} - 
oi gans 

Nephroiomes : the segments ol the 
developing kiilneys 

Ontoc.eny : the si ience of the development 
of the individual (generally equivalent to 
embryology) 

PliRK'.KNKSlK : the genesis of the movements 
in the vital particles 

Phagocytes : cells that absorb food {phagcin 
: to eat) 

PHY1.0GKNY: the science of the evolution of 
species (phyla ) 

Pi.ANOCYTKS: cells that move about 

^planein ) 

Plasm : the colloid or jelly-like matter of 
which organisms are composed; 
hence:— 


Caryoplasm : the matter of the nupleus 
(caiyon) 

Cytoplasm : the matter of the body of 
the cell 

DeutoplasnT: secondary or differen¬ 
tiated plasm 

Metaplasm • same as preceding 
Protoplasm : primitive or undifferen¬ 
tiated plasm 
Pl.ASSON : the simplest form of plasm 
Plas i ini'LKS ; small particles of plasm 
i 1\>LYSPKRMISM : the penetration of more 
than one sperm-cell into the ovum 
Pki>- or Prot : (in compounds) the earlier 
form (ojjposed to Meta) ; hence :— 
Ih’ocliorion : the first form of the chorion 
i’rogastcr ; the first orprimitive stomach 
Pronephridia : the earlier form of the 
kidneys 

Prorcnal : same as preceding 
Prostoma : the first or primitive mouth 
Protists: the earliest or unicellular 
organisms 

Provertebrie : the earliest phase of the 
vertebra; 

PiH>lophyta : the piimitive or unicellular 
plants 

Piotoplasm : undifferentiated plasm 
Protozoa: the piimitive or unicellular 
animals 

Renal : pertaining to the kidneys ( renes ) 

ScATULATiON: packing Or boxiiig-up (srafula 
• a box) 

Sclerotomes : segments into which the 
primitive skeleton falls 
Soma : the body ; hence :— 

Cylosoma : the body of the cell (tyios) 
Episoma : the upper oi back-half of the 
embryonic body 

Somites : segments of the embryonic 
body 

Hyposoma: the under or belly-half of 
the embiyoiiic body 

TELEOi,OGY : the belief in design and 
purjiose ( felos ) in nature 
Telcilecithal : see Lecitii- 

Umbilical: pertaining to the navel (um¬ 
bilicus ) 

Vitelline : pertaining to the yelk (vilellus) 



P R E F A C E 

[By Joskph Mi'Cabi:| 

The work which we now place within the reach of every reader of the 
KngHsh tongue is one of the finest productions of its distin^niislied author. 
The first edition appeared in 1874. At that time the conviction of man’s 
natural evolution was even less advanced in Ciermany than in Knjjiand, and 
the work, raised a storm of controversy, 'rheoloj^jiaiis - for^eltiiij^ the 
commonest facts of our individual development -spoke with the most 
profound disdain of the theory that a Luther or a tioethe could be the 
outcome of development from a tiny speck of protoplasm. The work, one 
of the most distinj^uished of them said, was ‘‘a Heck of shame on the 
escutcheon of Germany.” To-day its conclusion is accepted by influential 
■ clerics, such as the Dean of Westminster, and by almost everv biolog’ist 
and anthropologist of distinction in Kuropc. Kvolution is not a laboriously 
reached conclusion, but a ^•'uiding' truth, in biolopcal literature to-day. 

There was ample evidence to substantiate the coiiclusion even in the 
first edition of the book. Hut fresh facts have come to lij,d)t in each 
decade, always enforcinj;^' the g'eneral truth of man’s evolution, and at times 
makings clearer the line of development. Professor Haeckel embodied 
these in successive editions of his work. In the fifth edition, of which this 
is a translation, reference will be found to the \ery latest facts bearinj^ on 
the evolution of man, such as the discovery v f the remarkable effect of 
mixing human blood with that of the anthropoid ape. Moreover, the 
ample series of illustrations has been considerably improved and enlarged ; 
there is no scientific work published, at a price remotely approaching that 
of the present edition, with so abundant and excellent a supply of illustra¬ 
tions. When it was issued in Germany, a few years ago, a distinguished 
biologist wrote in the Frankfurter Zeitun^ that it would secure immor¬ 
tality for its author, the most notable critic of the idea of immortality. 
And the Daily Telegraph reviewer described the English version as a 
“handsome edition of-Haeckers monumental work,” and “an issue worthy 
of the subject and the author.” 

The influence of such a work, one of the most constructive that Haeckel 
has ever written, should extend to more than the few hundred readers who 
are able to purchase the expensive volumes of the original issue. Few 
pages in the story of science are more arresting and generally instructive 
than this great picture of “mankind in the making.” The horizon of the 
mind is healthily expanded as we follow the search-light of science down 
the vast avenues of past time, and gaze on the uncouth forms that enter 
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into, or illustrate, the line of our ancestry. And if the imag^ination recoils 
from the strangle and remote figures that are lit up by our search-light, and 
hesitates to accept them as ancestral forms, science draws aside another 
veil and reveals another picture to us. It shows us that each of us passes, 
in our embryonic development, through a series of forms hardly less 
uncouth and unfamiliar. Nay, it traces a parallel between the two series 
of forms. It shows us man beginning his existence, in the ovary of the 
female infant, as a minute and simple speck of jelly-like plasm. It shows 
us (from analogy) the fertilised ovum breaking into a cluster of cohering 
cells, and folding and curving, until the limb-less, head-less, long-tailed 
foetus looks like a worm-shaped body. It then points out how gill-slits 
and corresponding blood-vessels appear, as in a lowly fish, and the fin-like 
extremities bud out and grow into limbs, and so on; until, after a very 
clear ape-stage, the definite human form emerges frofn the series of 
transformations. 

It is with this embryological evidence for our evolution that the present 
volume is concerned. There are illustrations in the work that will make 
the point clear at a glance. Possibly too clear ; for the simplicity of the 
idea and the eagerness to apply it at every point have carried many, who 
borrow hastily from Haeckel, out of their scientific depth. Haeckel has 
never shared their errors, nor encouraged their superficiality. He insists 
from the outset that a complete parallel could not possibly be expected. 
Embryonic life itself is subject to evolution. Though there is a general 
and substantial law as most of our English and American authorities 
admit—that the embryonic series of forms recalls the ancestral series of 
forms, the parallel is blurred throughout and often distorted. It is not the 
obvious resemblance of the embryos of different animals, and their general 
similarity to our extinct ancestors in this or that organ, on which we 
must rest our case. A careful study must be made of the various stages 
through which all embryos pass, and an eflfort made to prove their real 
identity and therefore genealogical relation. 

This is a task of great subtlety and delicacy. Many scientists^ have 
worked at it together with Professor Haeckel—I need only name our own 
Professor Balfour and Professor Ray Lankester—and the scheme is fairly 
complete. But the general reader must not expect that even so clear a 
writer as Haeckel can describe these intricate processes without demanding 
his very careful attention. Most of the chapters in the present volume 
(and the second volume will be less difficult) are easily intelligible to all; 
but there are points at which the line of argument is necessarily subtle and 
complex. In the hope that most readers will be induced to master even 
these more difficult chapters, I will give an outline of the characteristic 
argument of the, work. Haeckel’s distinctive services in regard to man’s 
evolution have been : (i) The construction of a complete ancestral tree, 
though, of course, some of the stages in it are purely conjectural, and not 
final; (a) The tracing of the remarkable reproduction of ancestral forms in 
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the embryonic development of the individual. Naturally, he has not 
worked alone in either department. The second volume of this work will 
embody the first of these two achievements; the present one is mainly 
concerned with the latter. It will be useful for the reader to have a 
synopsis of the argument and an explanation of some of the chief terms 
invented or employed by the author. 

The main theme of the work is that, in the course of their embryonic 
development, all animals, including man, pass roughly and r.apidly through 
a series of forms which represents the succession of their ancestors in the 
past. After a severe and extensive study of embryonic phenomena, 
Haeckel has drawn up a “law” (in the ordinary scientific sense) to this 
effect, and has called-- it “ the biogenetic law,” or the chief law relating to 
the evolution (genesis) of life (bios). This law is widely and increasingly 
accepted by embryologists and zoologists. It is enough to quote‘a recent 
declaration of the great American zoologist. President D. Starr Jordan : 
“ It is, of course, true that the life-history of the individual is an epitome 
of the life-history of the race while a distinguished German zoologist 
(Sarasin) has described it as being of the same use to the biologist as 
spectrum analysis is to the astronomer. 

But the reproduction of ancestr.'il forms in the course of the embryonic 
development is by no means always clear, or even always present. 
Many of the embryonic phases do not recall ancestral stages at 
all. They may have done so originally, but wc must remember that 
the embryonic life itself has been subject to adaptive changes for 
millions of years. All this is clearly explained by Professor Haeckel. 
For the moment, I would impress on the reader the vital importance 
of fixing the distinction from the start. He must thoroughly familiarise 
himself with the meaning of five terms. Riogeny is the development 
of life in general (both in the individuaf and the species), or the 
sciences describing it. Ontogeny is the development (embryonic and 
post-embryonic) of the individual (on)^ or the science describing it. 
•Phytogeny is the development of the r.ace or stem (phulon), or the science 
describing it. Roughly, ontogeny may be taken to mean embryology, and 
phytogeny what we generally call evolution. Further, the embryonic 
phenomena sometimes reproduce ancestral forms, and they are then 
called palingenetic (from palin = again): sometimes they do not recall 
ancestral forms, but are later modifications due to adaptation, and they are 
then called cenogetwtic (from kenos = new or foreign). These terms are 
now widely used, but the reader of Haeckel must understand them 
. thoroughly. 

The first five chapters are an easy account of the "history of embryology 
and evolution. The sixth and seventh give an equally clear account of 
the sexual elements and the process of conception. But some of the 
succeeding chapters ^nust d«al with embryonic processes so unfamiliar, 
and pursue them through so wide a range of animals in a brief spacct 
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that, in spite of the 200 illustrations, they will offer difficulty to many a 
reader. As our aim is to secure, not a superficial acquiescence in 
conclusions, but a fair comprehension of the truths of science, we have 
retained these chapters. However, I will fjive a brief and clear outline of 
the arj^umenl, so that the reader with little leisure may realise their value. 

When the animal ovum {efTff,'--cell) has been fertilised, it divides and 
sub-divides until vve have a cluster of cohering’ cells, externally not unlike 
a raspberry or mulberry. This is the morula (~ mulberry) stage. The 
cluster becomes hollow, or filled \yith fluid in the centre, all the cells 
rising to the surface. This is the blasfula (hollow ball) stage. One half 
of the cluster then bends or folds in upon the other, as one might do w'ith a~ 
thin indiarubber ball, and we get a vase-shaped body with hollow interior 
(the first stomach, or “primitive gut’’), an open mouth (the first or 
“primitive mouth”), and a wall composed of two layers of cells (two 
“germinal layens ”). This is the .ifr/.r/r/z/r/ (stomach) stage, and the process 
of its formation is called jiftislru/aliou. A g-lance at the illustration on 
p. 61 will make this perfectly clear. 

So much for the embryonic process in itself. 'I'lie application to 
evolution has been :i U^ng and laborious task. Hriefly, it was necessary to 
show that all the multicellular animals passed through these three stages, 
so that our biogenetic law would enable us to recognise them as 
reminiscehces of ancestral forms. This is the work of Chaps. VIII. 
and l.\. 'I'he difficulty can be realised in this way: As we reach the 
hig’her animals ihe ovum has to take up a large quantity of yelk, on which 
it may feed in developing. Think of the bird’s “egg.” The effect of this 
v/as to flatten the germ (the morula and blastula) from the first, and so 
give, at fust sight, a totally different complexion to what it has in the 
lowest animals. When we pass the reptile and bird stage, the large yelk 
almost disappears (the germ now being supplied with blood by the mother), 
but the germ has been permanently altered in shape, and there are now a 
number of new embryonic processes (membranes, blood-vessel connections, 
etc.). Thus it was no light task to trace the identity of this process of 
^aslrulalion in .all the animals. It h.as been done, however; and with this 
introduction the reader will be able to follow the proof. The conclusion is 
important. If all animals pass through the curious gastrula stage, it must 
be because the} .all had a common ancestor of that nature. To this 
conjectural ancestor (it lived before the period of fossilisation begins) 
Haeckel gives the name of the Gastreca, and in the second volume we shall 
see a number of living animals of this type (“ gastra?ads ”). 

'fhe line of argument is the same in the next chapter. After laborious 
and careful research (though this stage is not generally admitted in the 
same sense as the previous one), a fourth common stage was discovered^ 
and given the name of the Caelomula. The blastula had one layer of cells, 
the blastoderm {derma — skin) : the gastrula two layers, the ectoderm 
(“outer skin”) and entoderm (“inner skin ”). Now a third layer {mesoderm 
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= middle skin) is formed, by the g^rovvth inwards of two pouches or folds 
of the skin. The pouches blend tojjether, and form a single cavity (the 
body cavity, or cwlom)^ and its two walls are two • fresh “ j^erminal 
layers.” Ajjain, the identity of the process has to be proved in all the 
higher classes of animals, and when this is done we have another ancestral 
stage, the Cwlomo’a. 

The remaining task is to build up the complex frame of the higher 
animals—always showing the identity of the process (on which the 
evolutionary argument depends) in enormously different conditions of 
embryonic life- out of the four “germinal layers.” Chap. IX. prepares 
us for the work by giving us a very clear account of the essential structure 
of the back-boned (vertebrate) animal, and the probable common ancestor 
of all the vertebrates (a small fish of the lancelet type). Chaps. XI.~XIV. 
then carry out the construction step by step. The work is now simpler, in 
the sense that we lea\e all the invertebrate animals out of account ; but 
there are so many organs to be fashioned out of the four simple layers that 
the reader must proceed carefully. In the second volume each of these 
org.ans will be dealt with separately, and the parallel will be worked out 
between its cmbrjonic and its pin logenetic (evolutionary) development. 
The general reader may wait for this for a full understanding. But in the 
meantime the wonderful story of the construction of all our organs in the 
course of a few weeks (the human frame is perfectly formed, though less 
than two inches in length, by the twelfth week) from so simple a material 
is full of interest. It would be useless to attempt to summarise the 
process. The four chapters are themselves but a summary of it, and the 
eighty fine illustrations of the process will make it sufhciently clear. The 
last chapter carries the story on to the point where man at last parts 
company with the anthropoid ape, and gives a full account of the 
membranes or w^rappers that enfold him in the womb, and the connection 
with the mother. 

In conclusion, I would urge the reader to consult, at his free library 
perhaps, the complete edition of this w'ork, when he has read the present 
abbreviated edition. Much of the text has had to be condensed in order to 
bring out the work at our popular price, and the beautiful plates of the 
complete edition have had to be omitted. The reader will find it an 
immense assistance if he can consult the library edition. 

Jo.sKPH McCabe. 

Cn'ckle'iVood, March^ icjcA. 
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HAECKEL’S CLASSIFICATION OF THfe ANIMAL 

WORLD N 


Unicellular animals (Protozoa) 


1 . 


2 . Nucleated 


It 1 * f /Bacteria 

Unnucleated | p,.„tama:bse 

^a. Rhizopoda 

I A. Infusoria 

„ . f Calallacta 

. Cell-colon.es | Blastaiada 

Multicellular animals (Met&zoa) 


}■ Monera 

( Amoebina 
I Radiolaria 

J Flag-ellata 
(Ciliata 


Coelenteria, 
Ccelenterata, or 
Zoophytes. 

Animals without 
body-cavity, blood 
or anus. 


II. 

Coelomarla or 
Bllaterals. 

Animals with body- 
cavity and anus, 
and i^cnerally 
blood. 


a. Gastrfeads 
A. Sponges 

c. Chidaria 
(stinging animals 

d. Platodes 
(flat-worms) 

a. Vermalia 
(worm-like) 

A. Molluscs 

r. Articulates 
«/. Kchinoderrns 
c. Tunicates. 


j Gastremaria 
(Cyemaria 
j I’rotospongiae 
{ Mctaspongiae 
f Ilydrozoa 
A Polyps 
' t Medusae 

{ Platodaria 
T urbellaria 
Trematoda 
Cest oda 
/ Rotatoria 
J Strongylaria 
j Prosopygia 
t.Krontonia 
f Cochlides 
-i C'onchades 
iTeuthodes • 

{ Annelida 
Crustacea 
Tracheata 
f Moiiorchonia 
I Pentorchonia 

{ Copel.'tta 
Ascidi;c 
Th.'iliiha* 

^ 1 . Acrania-Lancelet 
(without skull) 

II. Craniota 
(with skull) 
ti. Cyi:lostomes 
(“i-ound-mouthed ”) 

i 

A. Fishes 


/I Vertebrates 


c. Amphibia 

d. Reptiles 

e. Birds 


f. MammaJ 


' Selachii 
I Ganoids 
I Teleosts 
(. Dipneusts 

\ 

Monotremes 
Marsupials 
Placental s :— 
Rodents 
Edentates 
Ungulates 
Cetacea 
Sirenia 
Insectivora 
Cheiroptera 
Carnassia 
Primates 


* This classification is ^ven for the purpose of explaining Haeckel's utc of terms in this 
volume. The £:eneral reader should bear in mind that it ditfers very considerab^ from more 
recent schemes of classification. He should compare the scheme framed by ProMsor E. Ray 
X-ankester. 




the'EVOLUTION OF 


MAN 


Chapter I. 

THE FUNDAMENTAL LAW OF ORQANIC EVOLUTION 


The field of natural phenomena into 
which I would introduce my readers in 
the following chapters has a quite peculiar 
place in the broad realm of scientific 
inquiry. There is no object of investiga¬ 
tion tliAt touches man more closely, and 
the knowledge of which should be more 
acceptable' to him, than his own frame. 
Hut among all the various branches of 
the fiatural history of mankind, or anthro- 
pology, the story of his development by 
natural means must excite the most lively 
Interest, It gives us the key of the great j 
world-riddles at which the human mind 
has been working for thousands of years. 
The problem of the nature of man, iir the 
question of man’s place in nature, and the 
cognate inquiries as to the past, the earliest 
history, the present situation, and the 
future of humanity -all these most impor¬ 
tant questions are directly and intimately 
connected with that branch of study which 
wc call the science of the evolution of 
man, or, in one word, “ Anthropogeny ” 
(the genesis of man). Yet it is an astonish¬ 
ing fact that the science of the evolution 
of man does not even yet form part of the 
sbheme of general education. In fact, 
educated people even in our day are for 
the mo.st part quite ignorant of the impor¬ 
tant truths and remarkable phenomena 
which anthropogeny teaches us. 

As an illustration of this curious state 
of things, it may be pointed out that most 
of what are considered to be “educated ” 
people do not know that every human 
Deing is developed from an egg, or ovum, 
and that thi.s egg is one simple cell, like 
any other plant or^nimal egg. They arc 
equally ignorant that in the course of the 
development of this tiny, round egg-cell 
there is -first formed a body that is totally 


different from the human frame, and has 
not the remotest resemblance to it. Most 
of them have never seen such a human 
embryo in the earlier period of its develop¬ 
ment, and do not know th;it it is quite 
indistinguishable from other animal em¬ 
bryos. At first the embryo is no more 
than a round cluster of cells, then it 
becomes a simple hollow sphere, the wall 
of which is compo.sed of a layer of cell.s. 
Later it approaches very closely,‘at one 
period, to the anatomic structure of the 
laia'elet, afterwards to that of a fish, and 
again to the typical build of the amphibia 
and mammals. As it continues to develop, 
a form appears which is like those we find 
at the lowest stage of mamrnal-life (such 
as the duck-bills), then a form that 
resembles the marsupials, and only at a 
late stage a form that has a resemblance 
to the ape ; until at last the definite human 
form emerges hnd closes the series of 
transformations.' These suggestive fads 
are, as 1 said, still almost unknown to the 
general public—so completely unknown 
that, if one casually mentions them, they 
are called in question or denied outright 
as fairy-tales. Everybody knows that the 
butterfly emerges from the pupa, and the 
pupa from a quite different thing called a 
larva, and the larva from the butterfly’s 
egg. But few besides medical men are 
aware that man, in the course of his 
individual formation, passes through a 
series of transformations which ^re not 
less surprising and wonderful than the 
familiar metamorphtises of the butterfly. 

The mere description of these remark¬ 
able changes* through which man passes 
during his embryonic life should arouse 
considerable interest. But the mind will 
experience a far keener satisfaction when 
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we trace these curious facts tq their 
causes, and when we learn to behold in 
them natural phenomena which are of 
the highest importance throughout the 
whole field of human knowledge. They 
throw light first of all on the “ natural 
history of creation," then on psychology, 
or “the science of the soul,” and through 
this on the whole of philosophy. And as 
the general results of every branch of 
inquiry arc summed up in philosophy, all 
the sciences come in turn to be touched 
and influenced more or less by the study 
of the evolution of man. 

But when I say lh.it I propose to 
present here the most important features 
of these phenomena ;ind trace them to 
their causes, 1 take the term, and 1 
interpret my task, in a very iiukIi wider 
sense than is usual. The lectures which 
have been delivered on this subject in the 
universities during the last half-century 
are almost exclusively adapted to medical 
men. Certainly, the medical man h:is 
the greatest interest in studying the origin 
of the human body, with which he is daily 
occupied. But 1 must not give here this 
special de.scription of the embrjonic pro¬ 
cesses such as it has hitherto been given, 
as most of my readers h.ive not studied 
anatomy, and are not likely to be en¬ 
trusted with the care of the adult 
organism. 1 must content my.self with 
giving some parts of the subject only in 
general outline, and must not enter upon 
all the marvellous, but very intricate and 
not e.'isily described, det.ails that are found 
in the story of the development of the 
human frame. To uHder.stand these 
fully a knowledge of anatomy is needed. 
I will endeavour to be as plain as possible 
in dealing with this branch of science. 
Indeed, a sufficient general idea of the 
course of the embryonic development of 
man can be obtained without going too 
closely into the anatomic details. 1 trust 
we may be able to arouse the same interest 
in this delicate field of inquiry as has been 
excited already in other branches of 
science; though we shall meet more 
obstacles here than elsewhere. 

The story of the evolution of man, as it 
has hitherto been expounded to medical 
students, nsnally been confined to 

embryology—more correctly, ontofreny — 
or the science of the development of the 
individual human organism. But this is 
really only the first part of our task, the 
first half of the story of the evolution of 
man in tliat wider sense in which we 


understand it here. We must add as the 
second half—as another and not less 
important and interesting branch of the 
science of the evolution- of the human 
iAfitm—phyhy^eny: this may be de.scribed 
as the science of the evolution of the 
various animal forms from which the 
human organism h.is been developed in 
the course of countless ages. Kverybody 
now knows of the great .scientific activity 
that was occasioned by the publication of 
Darwin’s Onj^in of Spt'cu's in 1X59. The 
chief direct con.sequence of this publica- 
lii>n wa." to provoke a fresh inquiry into 
the origin ol <he human race, and this 
has proved beyond question our gradual 
evolution from the lower species. We 
give the name of " Phylogetiy ” to the 
science which de.scribes this a.scent of 
man from the lower ranks of the animal 
world. The chief source that it draws 
upon for facts is “ Ontogeny," or embry- 
ology, the science of the development of 
the individual organism. Moreover, it 
derives .1 good de.il of support from 
palconioloy^y, or the science of fossil 
remains, and even more from comparative 
.'inalomy, or morphology. 

These two branches of our science—on 
the one side ontogeny or embryology', .and 
on the other phylogeny, or the science of 
race-evolution— are most vit.'illyconnected. 
The one cannot be understood without 
the other. It is only when the two 
br.'uiches fully co-operate :ind supplement 
each other that “ Biogeny ” (or the 
science of the genesis of life in the witU'st 
sense) attains to the rank of a philosophic 
science. The connection between them 
is not c.xtcrnal and superficial, but pro¬ 
found, intrinsic, and causal. This is a 
discovery made by recent research, and it 
is most clearly and correctly' expressed 
in the comprehensive law' which I have 
called “ the fundamental law of organic 
evolution,” or “the fundamental law of 
biogeny.” This general law, tow'hich we 
shall find our.solves constantly recurring, 
and *on the recognition of which depends 
one’s whole ittsight into the story of 
evolution, may be briefly expressed in the 
phrase: “The history of the foetus is a 
recapitulation of the history ofi the race 
or, in other words, “Ontogeny is a 
recapitulation of phylogeny'.” It may be 
more fully stated as follow's: The series 
of forms through w'hich the iridividual 
organism passes during its development 
from the ovum to the complete bodily 
structure is a brief, condens^ repetition 
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of the long scries of forms wliich the 
animal ancestors of the said organism, or 
the ancestral forms of the species, have 
passed through from the earliest period of 
organic life down to the present day. 

The causal character of tlie relativ>ii 
which connects embryology with stem- 
history is due to the action of heredity 
and adaptation. NVhen we have rightly 
understood these, and recognised their 
great importance in the formation of 
organisms, we can go a step further and 
say : Phylogenesis is the mechanic.il 
cause of ontogenesis.' In other words, 
the development of the stehi, or nice, is, 
in accordance with the laws of heredity 
and adaptation, the cause of all the 
changv'sS which appear in a condensed 
form in the evolution of the feetus. 

The chain of manifold anim.il forms 
whidi represent the ancestry of e.ich 
higher organism, or even of m.ui, accord¬ 
ing to the theory of descent, alw.iys form a 
connected 'whole. may designate 

this uninterrupted series of forms with 
the letters of the alphabet . .A, B, C, I), 
E, etc., to Z. In apparent contiadiction 
to what 1 have said, the story of the 
development of the inJividu.iI, or the 
ontogeny of most organisms, only oilers 
to the observer ;i part of these forms ; so 
that the defective series of embryonic 
forms would run : A, B, 1 ), F, H, K, M, 
etc.; or, in other cases, B, D, H, L, M, 
N, etc. Here, then, as a rule, several of 
the evolutionary forms of the original 
series have fallen out. Moreover, we often 
find—to continue with our illustration 
from the alph.ibet—one or other of tin- 
original letters of the .incestral scries 
represented by corresponding letters from 
a different alphabet. Thus, instead of 
the Roman B and D, we often have the 
Greek B and A. In this case the te.'ct of 
the biogenetic law has been corrupted, 
just as it had been abbreviated in the pre¬ 
ceding case. But, in spite of all this, the 
series of ancestral forms remains the 
same, and we arc in n position to discover 
its original complexion. 

In reality, there is always a certain 
parallel between the two evolutionary 
series. But it is obscured from the fact 

* The term ‘‘genesis,” which occura^ throughout, 
means, of course, “birth" or origin. From this we 
get; Biogeny —the origin of life (btosj; Anthro- 
pogeny — the origin of man f antkro^\) ; Ontogeny 
---- the origin of the individual (on); Phylogeny — the 
ori|fin of the species (pkiUuni; and so on. In each 
catsc the term may refer to the pri.x.'usK jtself, or to the 
acience deticribing the process.— Trans. 


that in thjp embryonic succession much 
is wanting that certainly existed in the 
earlier ancestral succession. 1 f the p.arallel 
of the two .series were complete, and if 
this great fundamental law alVirming the 
cau.sal connection between ontogeny and 
phylogeny in the proper sen.se of the word 
were directly demonstrable, we should 
only hate to determine, by means of the 
microscope' and the dissecting knife, the 
series of forms through which the ferti¬ 
lised ovum p,'isse.s in its dcveloptnent ; 
we should then have before us a complete 
picture of the remarkable series of" forms 
which our anim.il ancestors have succes¬ 
sively assumed liom the dawn of organic 
life down to the apjiearance of man. But 
suih .1 repetition ol the ancestral history 
by the individual in its embryonic life Is 
very rarely complete. We do not often 
find our full alphabet. In most cases the 
correspondence is very imperfect, being 
greatly distoi ted and falsified by cau.ses 
whiih w'e will consider later. We arc 
thus, for the most part, unable to deter¬ 
mine in detail, irom the study of its 
embryology, all the difierent shapes 
which an org.inism’s ancestors have 
assumed ; we usually .-md e.speci.'illy in 
the ca.se of the human fivtus -encounter 
m.my gaps. It is true that we can fill up 
most of those gaps satisfactorily with the 
help of comparative anatomy, but we 
cannot do so from direct embryological 
observ.'ition. Hence it is import.int that 
we find a large number of lower animal 
forms to be still represented in the course 
of m.'in’s embryonic development. In 
tlie.se cases we may draw our conclusions 
with the utmost security as to the nature 
of the ancestr.'il form from the features of 
the form which the embryo momentarily 
assumes. 

To give a few examples, we can infer 
from the fact that the human ovum is a 
simple cell that the first ancestor of our 
species w'as a tiny uniccllul.ar being, 
something like the amoeba. In the same 
way, we know, from the fact that the 
human foetus consists, at the first, of two 
simple cell-layers gastrula), that the 
frastreea, a form with two such layers, 
was certainly in the line of our ance.stry. 
A later human embryonic form (the 
chordula) points just as clearly to a worm¬ 
like ancestor (the prochordmiia), the 
nearest living relation of which is found 
among the actual ascidiie. To this suc¬ 
ceeds a most important embryonic stage 
(acrania), in which our headless feetus 
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presents, in *\he main, the structure of 
the lancelet. But we can onlj^ indirectly 
and approximately, with the aid of com¬ 
parative anatomy .and ontogeny, conjec¬ 
ture what lower forms enter into the chain 
of our ancestry between the gastrasa and 
the chordula, and between this and the 
lancelet. In the course of the historical 
det^clopment many intermediate struc¬ 
tures have gradually fallen out, which 
must certainly have been represented in 
our ancestry. But, in spite of these many, 
*and .sometimes very appreciable, gaps, 
there is no contradiction between the two 
successions. In fact, it is the chief pur¬ 
pose of this work to prove the real har¬ 
mony and the original parallelism of the 
two. 1 hope to .show, on a sub.stantial 
basis of facts, that we can draw most 
important conclu.sions as to «>ur genea¬ 
logical tree from the actual .and easlly- 
demonslrable series of embryonic changes. 
We shall then be in a position to form a 
general idea of the wealth of animal forms 
which have figured in the direct line of 
our ancestry in the lengthy history of 
organic life. 

In this evolutionary appreciation of the 
facts of embryology we must, of course, 
take particular care to distinguish sharply 
and clearly between the primitive, palin- 
gcnetic (or .ancestral) evolutionary pro¬ 
cesses and those due to cenogenesis.* 
By palhifrenetic processes, or embryonic 
recapitulations, w^ understand all tho.se 
phenomena in the development of the 
individual which are transmitted from one 
generation to another by heredity, and 
which, on that account, allow us to draw 
direct inferences us to corresponding 
structures in the development of the 
species. On the other hand, we give the 
name of cenoj^enetic processes, or embry¬ 
onic variations, to all those phenomena in 
the foetal development that cannot be 
traced to inheritance from earlier species, 
but are due to the adaptation of the foetus, 
or the infant-form, to certain conditions of 
its embryonic development. These ceno- 
gonetic phenomena are foreign or later 
additions; they allow' us to draw no 
direct inference whatever as to corre¬ 
sponding processes in our ancestral 

> PAlingronesis new birtli, or re-iocarnation (palin 
«« a^ain, emiesis or mifa — development); hence its 
apphcaticih to the phenomena which aft ravipitulati^ 
by heredity from earlier ancestral forms. Cenogenesis 

foreign or negligible development (kenos MdgtmeaJ , 
hence, uiosa phenomena which come later in tlie storv 
of life to disturb'the inherited structure, by a fresh 
adaptation to environment.—T rans. 


history, but rather hinder us 'from doing 
so. 

This careful discrimination between the 
primary or palingenetic processes and the 
.secondary or cenogenetic is of great 
importance for the purposes of the scien- ■ 
tific history of a species, which has to 
draw conclusions from the available facts, 
of embryology, comparative anatomy, and 
paleontology, a» to the processes in the 
formation of the species in the remote 
past. It is of the same importance to the 
student of evolution as th^carcful distinc¬ 
tion between genuine and spurious texts 
in the works of an ancient writer, or the 
purging of the real text from interpol.a- 
tions and alterations, is for the student of 
philology. It is true that this distinction 
has not yet been fully appreciated by many 
.scientists. Kor my part, 1 regard it as 
llio first condition for forming any just 
idea of the evolutionary process, and 1 
believe that we must, in accordance with 
it, divide embryology into two sections— 
palingenesis, or the science of recapitu¬ 
lated forms; and cenogenesis, or the 
science of supervening structures. 

To give at once a few ex.implos from 
the .science of man’s origin in illustration 
of this important distinction, 1 may 
instance the following proces.ses in the 
embryology of man, and of all the higher 
vertebrates, as paiinfrenetic: the formation 
of the two primary germinal layers and of 
the primitive gut, the undivided structure 
of the dors;il nerve-tube, the appearance 
of a simple axial rod between the medul¬ 
lary tube and the gut, the temporary for¬ 
mation of the gill-clefts and arches, the 
primitive kidneys, and so on.‘ All these, 
and many other important structures, 
have clearly been transmitted by a steady 
heredity from the early ancestors of the 
mammal, and are, therefore, direct indica¬ 
tions of the presence of similar structures 
in the history of the stem. On the other 
hand, this is certainly not the case with 
the following embryonic forms, wiiich we 
must describe as cenogenetic processes : 
tlie forpiation of the yelk-sac, the allantois, 
the placenta, the amnion, the serolemma, 
and the chorion—or, generally speaking, 
the various fcetal membranes and the cor¬ 
responding changes in the blood vessels. 
Further instances are : the dual structure 
of the heart cavity, the temporary division 
of the plates of the primitive vertebrae and 

> All these, and the foUowi^ structures, wilT be hilly 
described in later chapten.—’niANS. 
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lateral plates, the secondary closing of the 
venial and intestinal walls, the formation 
offthe navel, and so on. All these and 
many other phenomena are certainly not 
traceable to similar structures in any 
earlier and completely-developed ancestral 
•form, but have arisen simply by .adaptation 
,tO‘ the ^culiar conditions of embryonic 
life (within the ftctal niembnuies). In 
view of these facts, we njjiy now give the 
following more precise evpression to our 
chief l.aw of biogeny :—The evolution of 
the fcetus (or ^itogvnesis) is a condcn.scd 
and abbreviatea recapitulation of the evo¬ 
lution of the stem (or phylogenesis)', and 
this recapitulation is the more complete in 
proportion as the original development (or 
palinj^ncsis) is preserved by a constant 
• heredity; on the other hand, it becomes 
less complete in proportion as a varying 
adaptation to new conditions increases the 
disturbing factors in the development (or 
cenof'enesis). 

The cenogenetic alterations or distor¬ 
tions of the original palingenetic course of 
development take the form, as a rule, of a 
gradual displacement of the phenomena, 
which is slowly effected by adaptation to 
the changed conditions of embryonic 
existence during the course of thousands 
of' years. This displacement may take 
place as regards either the position or the 
time of a phenomenon. . 

The great importance and strict regu¬ 
larity of the time-variations in embryology 
have been carefully studied recently by 
Ernest Mehnert, in’his liiomechanik 
i.Sc)8). He contends that our biogenetic 
law lias not been impaired by the attacks 
of its opponents, and goes on to say ; 
“ Scarcely any piece of knowledge has 
contributed so much to the advance of 
embryology as this; its formulation' is one 
of the most signal services to general 
biology. It was not until this law' passed 
into Uie flesh and blood of investigators, 
and they had accustomed themselves to 
see a reminiscence of ancestral history in 
embryonic structures, that we witnessed 
the great progress which embryological 
research has made in the last tw’O decades.” 
The best proof of the correctness of this 
opinion is that now' the most fruitful work 
is done in all branches of embryology with 
the aid of this biogenetic law, and that 
it enables students to attain every year 
thousands of brilliant results that-they 
would nev'er have reached without it. 

It is only when one appreciates the 
cenogenetic processes in relation to the 


palingenetic, and when one .takes carefitl 
account of the changes which the latter 
may suffer from the former, that the 
radical importance of the biogenetic law 
is recognised, and it is felt to be the most 
illuminating principle in the science of 
evolution. In this task of discrimination 
it is the silver thread in relation to which 
w'c can arrange all the phenomena of this 
realm of marvels—the “Ariadne thread,” 
w'hich alone enables us to find our way 
through this labyrinth of forms. Hence 
the brothers Sarasin, the zoologists, could 
say with perfect justice, in their study of 
the evolution of the Ickthyophis, that “ the 
great biogenetic law is just as important 
for the zoologist in tracing lo'n^-extinct 
processes as spectrum analysis is for the 
jistronomer.” • 

Even at an earlier period, when a 
correct acquaintance with the. evolution of 
the human and animal frame u'us only 
just being obtained- and that is scarcely 
eighty years ago !—the greatest astonish¬ 
ment w-as felt at the remarkable similarity 
observed between the embryonic forms, 
or stages of fa-tal development, in very 
different animals; attention was called 
even then to their ilose resemblance to 
tertain fully-developed animal forms 
belonging tp somu of the lower groups. 
The older scientists (Oken, Treviranus, 
and others) knew perfectly well th.'it these 
lower forms in a sense illustrated and 
fixed, in the hierarchy of the animal w'orld, 
;i temporary stage in the evolution of 
higher forms. The famous anatomist 
Meckel spoke in 1821 of a “ similarity 
between the development of the embryo 
,uid the series of animals." Uaer raised 
the question in 1828 how far, W'ithin the 
sertebrate type, the embryonic forms of 
the higher animals assume the permanent 
shapes of members of lower groups. But 
it was impossible fully to understand and 
appreciate this remarkable resemblance 
at that time. We owe our capacity to do 
this to the theory, of descent ; it is this 
that nuts in their true light the action of 
heredity on the one hand and adaptation 
on the other. It explains to us the vital 
importance of their constant reciprocal 
action in the production of organic forms. 
Darw'in was the first to teach us the great 
part that was played in this by the cease¬ 
less struggle for existence between living 
things, ami to show how, udder, the 
influence of this (by natural selection), 
new species were produced and maintained 
! solely by the interaction of heredity and 
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adaptation. It was thug Darwinism that 
first opened our eyes to a true comprehen¬ 
sion of the supremely importanf relations 
between the two parts of the science of 
organic evolution—Ontogeny and Pby- 
logeny. 

Heredity and adaptation arc, in fact, the 
two constructive physioloyji;jil functions of 
living things ; unless we understand these 
properly we can make no headway in the 
study of evolution. Hence, until the time ! 
of Darwin no one had .a clear idea of the 
real nature and causes of embryonic 
development. It was impossible to explain 
the curious scries of forms through wliich 
the human embryo passed ; it was quite 
unintelligible why this strange succession 
of animal-like forms appeared in the series 
at Jill. It had previously been generallv 
assumed that the man was found complete 
in all his p.irts in the ovum, ;ind that the 
development consisted only in an unfolding 
of the v.arious parts, a simple process of 
growth. This is by no means the c;ise. 
On the contrary, the whole process of the 
development of the individual presents to 
the observer .a connected succession of 
different .animal-forms; and these forms 
displ.ay a great \ariety of external and 
internal structure. Hut ivhv each indi¬ 
vidual human being should pass through 
this .series of forms in the course of his 
embryonic development it was quite im¬ 
possible to say until L,amarik .and Darwin 
established the thet)ry of descent. Through 
this theory we have at last detected the 
real causes, the effiaent cnnst's, of the 
individual development ; wa‘ have learned 
- that these mechanical causes suffice of 
themselves to effect the formation of the 
organism, and that there is po need of the 
/i»u/cau.ses which were formerl) .assumed. 

It is true that in the ac.adomic philosophies 
of our time these f’m.il causes .still figure . 
very prominently ; in the new philosophy 
of nature we can entirely replace them by 
efficient causes. We shall sec, in the 
course of our imiuiry, how the most 
wonderful and hitherto insoluble enigmas 
in the human and aiiim.al fr.ime have 
proved amenable to a mechanical explana¬ 
tion, by causes acting without prevision, 
through Darwin’s reform of the science of 
evolution. We have everywhere been able 
to substitute unconscious c,auses, acting 
from necessity, for consciou.s, purposive 
causes.' 

< The monistic or ineclianical philoao^iy of nature 
holds that only unconscious, necessary, efficient causes 
are at work in the whole field of nature, in orifanic life 


If the new science of evolution had done 
no more than this, evciy thoughtful man 
would have to admit that it had accom¬ 
plished an immense advance in knowledge. 
It means that in the whole of philosophy 
that tendency which ■We call monistic, in 
opposition to the dualistic, which has 
hitherto prevailed, must be accepted.' At 
this point the science of huimn evolution 
has a direct and profound bearit>g on the 
foundations of philosophy. Modern an¬ 
thropology has, by its astounding dis¬ 
coveries during the secofld h.alf of the 
nineteenth century, compelled us to take 
;i completely monistic view of life. Our 
bodily structure and its life, our embry¬ 
onic development and our evolution as a 
species, teach us that the same laws of 
iiiiture rule in the life of man .as in the 
rest of the universe. Kor this rea.son, if 
fur no others, it is desirable, nay, indispen¬ 
sable, th.at every man who washes to fonn 
a serious .and philosophic view of life, and, 
.above .ill, the expert philosopher, should 
acquaint himsell with the cliief facts of 
this branch of science. 

The fads of embryology have so great 
and obvious a significance in this connec¬ 
tion that even in recent years dualist 
and teleological philosophers h.ave tried to 
rid themselves of them by simply denying 
them. This was done, for instance, as 
regards the fact that man is developed 
from an egg, and th.at this egg or ovum 
is a simple cell, as in the case of other 
animals.' When 1 had explained this 
pregn.int fact and its significance in 
my Ilistorv ofiCn’atioti, it was described 
in many of the theological journals as a 
dishonest invention of my owai. The fact 
that the embryos of man and the dog are, 
at .1 certain stfxge of their development, 
almost indistinguishable was also denied. 
When we examine the hum.'in embryo in 
the third or fourth week of its develop¬ 
ment, we find it to be quite different m 
shape and structure from the full-grown 
human being, but almost identical w'ith 
that of the ape, the dog, the rabbit, and 

.as wi'll .IS in inorpanic changes. On the other hand, 
the dualist or viUthst philosophy of niiturc .affirms that 
unconscious forces arc only at work in the inorganic 
world, and that wc find conscious, purposive, or final 
causes in organic nature. 

1 Monism ts neither purely m,aterialistic nor purely 
spiritualistic, but a reconciliation of these two prin¬ 
ciples, since it regards the whole of nature as one, and 
secs only efficient causes at work in it. _ Du.alism, on 
the contrary, holds that nature and spirit, matter and 
force, the world and Gtxl, inorganic and orgariic 
nature, are separate and independent existences. Ct. 
The Rtddle of {he Universe, chap. xii. 
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other inatninals, at (he same stajfe of 
ontogeny. We find a bean-shaped body 
of very simple construction, with a tail 
below and a pair of fins at the sides, 
something'like those of a fish, but very 
different from the limbs of man and tlie 
mammals. Nearly the whole front half ' 
of the body is taken up hv a shapi'less 
head without face, at the sides of which 
we find gill-clefts and arches as in the 
fish. At this stage of its development the 
human embryo does not differ in any 
essential detafl from thai of the ape, dog, 
horse, ox, etc., at .a corresponding period. 
This importiuit fact can e:isily he verified ; 
at any moment by a comparison t>f the 
embryos of man, the dog, rabbit, etc. 
Nevertheless, the theologians and du.ilist 
philosophers pronounced it to be a 
materialistic ituention ; even scientists, 
to whom the facts should he known, ha\e 
.sought to deny (hem. 

There could not be a cleari-r proof of 
the profound importance of these embryo- 
logical facts in fa\our of the monistic 
philo.sophy th.an is afforded by these efforts 
of its opponents to get rid of them by 
silence or*denial. The truth is that these 
facts are most inconvenient for (hem, and 
are quite irreconcilable with (heir views. 
We must be all the «iore pressing on our 
side to put them in their proper light. I 
fully agree w'ith Huxley when he says, in 
his Man's Place m Nature: ‘‘Though 
these facts are ignored by several wt-ll- 
known popular leaders, they are easy to 
prove, and are accepted by all scientific 
men ; on the other hand, the^- importance 
is so great that those who have once 
mastered them will, in my opinion, find 
few' other biological di.scoverie:* to astonish 
them.” 

WT* shall make it our chief task to 
study the evolution of man’s bodily frame 
and its various organs in their external 
form and internal structures. Hut 1 may 
observe at once that this is accompanied 
step by step with a study of the evciution 
of their functions. These two branches 
of inquiry are inseparably united in the 
whole of anthropology, just as in zoology | 
(of which the former is only a section) or 
general biology. Everywdiere the peculiar 
form of the organism and its structures, 
internal and external, is directly related 
to the special physiological functions 
which the organism or organ has to 
execute. This intimate connection of 
structure and function, or of the instrument 
and the work done by it, is seen in the 


science of evolat^ion .and all its parts. 
Hence the story of the evolution of 
structures, which is our immediate con- 
dern, is also (he history of the develop¬ 
ment of functions ; and this holds good 
of the human organism iis efif any other. 

.■\t the same time, 1 nunst admit that 
our knowledg^if the evolutionof functions 
is very far from being a* complete as our 
acquaintance w'ilh the evolution of struc¬ 
tures. tine might stvy. In fact, that the 
whole science of evolution has almost 
confined itself to tho study of struc¬ 
tures ; the evolution functions hardly 
exists even in name. That is the fault of 
the physiologists, who h.avc as yet con¬ 
cerned themselves very little about evolu¬ 
tion. It is only in recent times that 
physiologists like W. I'aigelmann, W. 
I’leyer, M. Verworn, and a few' others, 
have attacked the evolution of functions. 

It will be the task of .some future 
physiologist to engage in the study of the 
evolution of functions with the same zeal 
and success as has been done, for the 
evolution of structures in morphogeny 
(the science of the genesis of forms). 
Ix'l me illustrate the close connection of 
the two by a couple of examples. The 
heart in (he human embryo h.as at first a 
veiy simple con.struction, such as w'c find 
in permanent fiirm among the ascidifu 
and other low organisms ; with thi.s is 
associated a very simple system of circu¬ 
lation of (he blood. Now, when we find 
that with the full-grown heart there 
comes ;i totally dift'erent and much more 
iniric.ite circulation, our inquiry into the 
development of the heart becomes at 
once, not only .an anatomical, but also a 
physiolog’ical, study. Thus it is clear 
that the ontogeny of the heart can only be 
understood in the light of its phylogeny 
(or development in (he past), both as 
regards function and structure. The 
same holds true'of all the other organs 
and their functions. For instance, the 
science of the evolution of the alimentary 
canal, the lungs, or the .sexual organs, 
gives us at the same time, through the 
exact coinpar.atIve investigation of struc¬ 
ture-development, most important infor¬ 
mation with regard to the evolution of 
the functions of the.se organs. 

This significant connection is very 
clearly seen in the evolution of the nervous 
system. This system is in the economy 
of the human body the medium of sensa¬ 
tion, will, and even thought, the highest 
of th^ psychic functions ; in a word, of 
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all the various functions which constitute 
the proper object of psychology. Modern 
anatomy and physiology have proved that 
these psychic functions are immediately 
dependent on the line structure and the 
composition of the ccMilral nervous system, 
or the internal texture of the brain and 
spinal cord. In these we find the elabti- 
rate cell-m.achinei*y, of wliicli the psychic 
or soul'lifc is the physiological function. 
It is .so intricate that most men still look 
upon the mind as something supernatural 
that cannot he explained on mechanical 
principles. 

Hut embryological rescarcli into the 
gradual appeanince and the formation of 
this important .system of organ.s yields 
the most astounding and significant 
result.s. The first sketch of a central 
nervous system in the hum.in embr}'0 
presents the same very simple type as in 
the other vertebrates. A spinal tube is 
formed in the external skin of the back, 
and from this first comes a simple spinal 
cord witliOLit brain, such as we lind to be 
the permanent psychic organ in the lowest 
type of vertebrate, the amphioxns. Not 
■until a later si.ige is a brain formed at 
the anterior end of this cord, and then it 
is a brain of the most rudimentary kind, 
such as we find permanently among the 
lower fishes. This simple brain developes 
step by step, successively assuming forms 
which correspond to those of the amphibia, 
the reptiles, the duck-bills, and the lemurs. 
Only in the last stage does it reach the 
highly organised form which distin¬ 
guishes the apes from the other \erte- 
brates, and which attains its full develop¬ 
ment in man. 

Comparative physiology discovers a 
precisely similar growth. The function 
of the brain, the psychic activity, ri.ses 
step by step with the advancing develop¬ 
ment of it.s structure. 

Thus we are enabled, by this story of 
the evolution of the nervous system, to 
understand at length the natural dn<elof>- 
ment of the human mind and its gradual 
unfolding. It is only with the aid of 
embry’ology that we can grasp how' these 
highest and most striking faculties of the 
animal organism have been historically 
evolved. In other words, a knowledge 
of the evolution of the spinal cord and 
brain in the human embryo leads us 
directly to a comprehension of the historic 
development (or phylogeny) of the human 
mind, that highest of all faculties, which 
we regard atf .something so mar\'ellous 


and supernaturaf in the adlilt man. This 
is certainly one of the greatest and most 
pregnant results of evolutionary science. 
Happily our embryological knowledge of 
man’s central nervous system is now so 
adequate, and agrees so thoroughly with 
the complementary results of comparative 
anatomy and physiology, that we are thus 
enabled to obtain a clear insight into one 
of the highest problems of philosophy, 
the phylogeny of the soul, or the ancestral 
history of the mind of man. Our chief 
support in this comes fronf the embryo¬ 
logical study of it, or the ontogeny of the 
soul. This important section of psycho¬ 
logy owes its origin especially to W. 
Preyer, in his interesting works, such as 
The Mind of the Child. The Biography'Of 
a Baby (1900), of Milicent Wasl^burii 
Shinn, al.so deserves mention. (See also' 
Preyer’s Mental Dezwlopmcnt in the Child 
(translation), and Sully’s Studies of Child¬ 
hood Children's li'ays.] 

In this way we follow’ the only path 
akmg which w'^e may hope to reach the 
solution of this difiicult problem. 

Thirty-^ years have now' elapsed since, 
in my General Morphology , I established 
phylogenv as an independent science and 
showed il.s intimate causal connection 
with ontogeny ; thirty ye.ars have passed 
since 1 gave in my gastrasa-theory the 
proof of the justice of this, and completed 
it w'ith the theory of germinal layers. 
When w'e look back on this period we 
ni.'iy .ask, What has been accomplished 
during it by the fundamental law of 
biogeny ? If w'e are impartial, we must 
reply that it has proved its fertility in 
hundreds’ of sound results, and that by 
its aid W’e have acquired a vast fund of 
know'ledge w'hich we should never have 
obtained W'ithout it. 

There has been no dearth of attacks—' 
often violent attacks—on my conception 
of an intimate causal connection between 
ontogenesis and phylogenesis; but no 
other satisfactory explanation of these 
important phenomena has yet been 
offered to us. I .say this especially with 
regard to Wilhelm His’s theory of a 
“ mechanical evolution,” which questions 
the ■ truth of phylogeny generally, and 
w'ould explain the complicated embryoAic - 
proce.sse.s W'ithout going beyond by simple 
physical changes—such as the bending 
and folding of leaves by electricity, the 
origin of cavities through unequal strain 
of the tissues, the formation of processes 
by uneven growth,, and so on. But the 
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fact is that tliese embryological ijheno- 
mena themselves demand explanation in 
turn, and this can only be found,_ as a 
rule, in the corresponding changes in the 


long ancestral series, or in the physio¬ 
logical functions of heredity and adapta¬ 
tion. 


Chapter II. 

THK OLDER EMBRYOLOGY 


It is in many ways useful, on entering 
upon the stuiy of any science, to cast a j 
glance at its historical development. The 1 
saying that “everything is best under-I 
stood in its growth ” has a distinct appli- | 
cation to science. While we follow its 
gradual development we get a clearer in¬ 
sight into its aims and objects. Moreover, 
we shall see that the present wndition of 
the science of human evolutmn, with all ' 
its characteristics, can only be rightly 
understood when we examine its historical 
■ growth. This task will, however, not 
detain us long. The study of man’s evo¬ 
lution is one of the latest branches of 
natural science, whether you consider the 
embryological or the phylogenetic section 
of it. 

Apart from the few germs of our science 
which W'e lind in classical antiquity, and 
which we shall notice presently, we may 
say that it takes its delinite rise, as a 
science, in the year 1759, when one of | 
• the greatest German scientists, Caspar ' 
Friedrich WolIT, published his Theoria 
generationis. That was the foundation- 
stone of the science of animal embryology. 
It was not until fifty years later, in 1809, 
that Jean Lamarck published his Philo- 
sophie Zoologique —the first effort to pro¬ 
vide a base for the theory of evolution ; 
and it was another half-century before 
Darwin’s work appeared (in 1859), which 
we may regard as the first scientific 
attainment of this aim. But before we 
gb further into this solid establishment of 
^volution, we must cast a brief glance at 
that famous philosopher and scientist of 
antiquity, who stood alone in this, as in 
many other branches of science, for more 
than 3,000 years ; the “father of natural 
history,” Aristotle. 


The extant scientific works of Aristotle 
deal with many dilTerenl sides of bio- 
logic.il research ; the most comprehensive 
of them is his famous of Animals. 
But not less interesting is the smaller 
w’ork, On the Generation of Animals (Peri 
::ooti grneseos). Tnis work treats espe¬ 
cially of embryonic development, and it is 
of great interest as being the earliest of 
its kind and the only one that has come 
down to us in any completeness from 
classical antiquity. 

Aristotle studied embryological ques¬ 
tions in various classes of anim.'ils, and 
among the lower groups he learned many 
most remarkable facts which we only re¬ 
discovered between 18,^0 and i8(kj. It 
is certain, for instance, that he was 
acquainted with the very peculiar mode 
of proptigatitin of the cuttle-fi.shes, or 
cephalopods, in which a yelk-sac hang.s 
out of the mouth of the fietus. He knew, 
also, that embryos come from the eggs of 
the bee even when they have not been 
fertilised. This “ parthenogenesis ” (or 
virgin-birth) of the bees has only been 
established in our time by the distin¬ 
guished zoologist of Munich, Siebnld. 
lie discovered that male bees come from 
the unfertilised, and female bees only from 
the fertilised, eggs. Aristotle further 
states that some kinds of fishes (of the 
genus serranus'j are hermaphrodites, each 
individual having both male and fetnale 
organs and being able to fertilise itself; 
this, also, has been recently confirmed. 
He knew that the embryo of many fishes 
of the shark family is attached to tlie 
mother’s body by a sort of placenta, or 
nutritive organ very rich ih blood ; apart 
from these, such an arrangement is only 
found among the higher mamnials and 




to 


THE OLDER EMBRYOLOGY 


man. This placenta of the shark was 
looked upon as legendary for a long time, 
until Johannes Mdller proved it to be a 
fact in 1839. Thus a number of remark- 
.'iblc discoveries were found in Aristotle’s 
embryological work, proving a very good 
acquaintance of the great scientist - pos¬ 
sibly helped by his predecessors with the 
facts of ontogeny, and a great advance 
upon succeeding generations in tliis 
respect. 

In the c.ase of most of these discoveries 
he did not merely describe the fact, but 
added a number t>f i»bservatii>ns on its 
signilicance. .Some of these llieorelical 
remarks :ire of particular interest, becausi- 
they show a correct appreciation of the 
nature of tlie embryonic processes, lie 
conceives thedevelopment of the individual 
as a new formation, in the t ourse of which 
the various parts of the body t.ike shape 
successively. When the human or animal 
frame is developed in the mother's bod\, 
or separately in an egg, the heart which 
he regards as the starting-point and centre 
of the organism must appear tirst. Once 
the heart is lonned the other oigans ai ise, 
the intern.il ones before the exleinal, the 
upper (those .above the di.iphr.igm) befi>ie 
the lower(oPlhose beneath thediaphragm). 
The brain is formed .at an e.irly st.ige, and 
the eyes grt'w out of it. These obser\.i- 
tii'iis are quite correi t. .^nd, if \\e try 
to form some idea from these data of 
Aristotle’s general conception of the em¬ 
bryonic process, wc lind a dim prevision 
of the theory which Wollf showed 2 ,(xk) 
years afterwards to be the correct view. 
It is significant, for inst.ince, th.it Aristotle 
denied the eternity of the individual in 
any respect. He said that tlie species or 
genus, the group of similar individuals, 
might be eternal, but the individual itself 
is temporary. It comes into being in the 
act of procreation, and passes away at 
death. 

During the 2,000 years after Ai'islotle 
no progress whatever was made in general 
zoology, or in embryology in particular. 
People were content to read, copy, tnins- 
latc, and comment on Aristotle. Scarcely 
a single independent effort at research 
was made in the whole of the period. 
Duringthe Middle Ages the spread ol strong 
religious beliefs put formidable’* obstacles 
in the way of independent scientific inve.s- 
tigation. There was no question of 
resuming the advance of biology. Kven 
when human anatomy began to stir itself 
once more in the sixteenth century, and 


independent research was resumed into 
the structure of the developed body, 
anatomists did not dare to extend their 
inquiries to the unformed body, the em¬ 
bryo, and its development. There were 
many re.'isons for the prevailing horror of 
such studies. It is natural enough, when 
we remember that a Bull of Boniface 
V'lll. excommunicated e\ery man who 
ventured to dissect .1 human corpse. If 
the dis.section of a dev eloped body were a 
iiime to be thus punished, how much 
more dreadful must il have seemed to 
deal with the emhr\onic body still enclosed 
in the womb, which the Creator him.self 
had deiently veiled from the curiosity of 
the scientist ! The Christian Church, 
then putting m.iny thou.sands to death for,, 
unbelief, had a shiewd presentiment of 
the menace th.al science contained against 
its authorit). It was powerful enough to 
sc'e th.it its rival did not grow loociuickly. 

It w.is not until the Relormatipn broke 
the power of the t'hurch, and a refreshing 
breath of the spiiit dissolved the icy 
ch.iins th.it bound science, that .inalomy 
and embryoIog>, .mdall the other branches 
of research, could begin to advance once 
more. However, embryology lagged far 
behind anatomy. The first works on 
embryology appi-ar at the beginning of 
the sixteenth lentury. The Italian anato¬ 
mist, Pabricius ab Aquapendente, a pro¬ 
fessor .It Padua, opened the advance. In 
his two books (/.)(■ fonmtto faiu, iboo, 
and Dc fornialumc Ja'tus, iboq) he pub¬ 
lished the older illustrations and descrip¬ 
tions of the embryos of man and othei 
m.umn.'ils, and of the hen. Similar 
inijierfect illustrations were given by 
Spigellus {J)t' formato jh'tu, 1631), «ind by 
Needham (ibb7) and his more famous 
compatriot, Harvey (1652), who discovcrcHl 
the circulation of the blood in the animal 
body and formulated the important 
■principle, Omne vivum ex I'hm (all life 
comes from pre-existing life). The Dutch 
scientist, Swammerdam, published in his 
Bible of Nature the earliest observations 
on the embryology of the frog and the 
division of its egg-yelk. But the most 
important "gmbryological studies in the 
sixteenth century were those of the 
famous Italian, Marcello Malpighi, of 
Bologna, who led the way both in zoology 
and botany. His treatises, De forviatione 
pulliAxvl De ovo incubato contain 

the first consistent description of the 
development of the chick in the fertilised 
egg. 
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Here I ought to say a word about the i 
important part played by the chick in the ! 
growth of our science. The development | 
of the chick, like that of the young of all , 
other birds, agrees in all its main features 
with that of the other chief \ertebratcs, ' 
and even of man. The three highest | 
classes of vertebrates- mammals, birds, ! 
and^ reptiles (lizards, serpents, tortoises, j 
etc.)—have from the beginning of their 
embryonic development so striking a | 
re.seinblance in .all the chief points of j 
structure, and especially in their first I 
forms, that for a long time it is impos- I 
sible to distinguish between them. We I 
have known now for some time th.it ! 
we need only examine the embr\o of I 
a bird, which is the easiest to get at, j 
in order to learn the typical mode of | 
development of a m.ammal (and there- i 
fore of man). ,\s soon as scientists began j 
to study the human embryo, or the 
mammal-embryo gener.illy, in its earlier { 
.stages about the miudle and end of the j 
.seventeenth - century, this important f.ict 
was very quickly discovered. It is both 
theoretically and practically of great value. 
As regards the theory of evolution, we c.m 
draw the most weighty inferencts from 
this similarity between the embiyos 
of widely dilTerent cl.isses of animals. 
Hut for the practical purposes of embryo- 
logical research the discovery is invalu¬ 
able, because we c.in till up the gaps in 
our imperfect knowledge of the embryo¬ 
logy of the mammals from the more 
thoroughly studied embryology of the 
bird. Hens’ eggs are easily to he had 
in .any quantity, and the development of 
the chick may be followed step b\ step in 
artificial incubation. The development 
of the manim.il is much more difllcult to 
follow, because here the embryo is not 
detached and enclosed in a large egg, 
but the tiny ovum rem.iins in the waimb 
until the growth is completed. Hence, it 
is very difficult to keep up sustained 
observation of the various st.ages in any 
great extent, quite .apart from such 
extrinsic considerations as the cost, the 
technical difficulties, and many other 
obstacles which we encounter when we 
would make an extensive study of the 
fertilised mammal. The chicken has, 
therefore, alw.ays been the chief object of 
.study in this connection. The excellent 
incubators we now have enable us to 
observe it in any quantity and at any 
stage of development, and so follow the 
whole course of its formation step, by step. 


By the end of the seventeenth century 
Malpighi had advanced .as far as it was 
possible to do with the imperfect micro¬ 
scope of his lime in the embryological 
study of the chick. Further progress was 
arrested until the instrument and the 
technical methods should be improyed. 
The vertebrate embryos are so .smd.ll and 
delicate in their earlier stages that you 
c.'iimot go very far into the study of them" 
without a good microscope and other 
technical aid. But this substantial im¬ 
provement of the microscope and the other 
apparatus did not lake place until the 
beginning of the nineteenth century. 

Kmbryology m.ide scarcely any advance 
in the fust h.ilfof the eighteenth century, 
when the systematic natural history of 
plants and .animals received so great an 
impulse through the publication of 
l.inne’'. famous Systema Naturae, Not 
until 1750 did the genius arise who was to 
give it an entirely new character, Caspar 
Friedrich WollT. Until then embryology 
had been oiiupied almost exclusively in 
unfortun.ite and misleading efforts to 
build up theories on the imperfect empi- 
ric.il material then av.ailable. 

The theory w'hich then prevailed, and 
remained in favour throughout nearly the 
whole of the eighteenth century, was 
commonly called at that time “the evolu¬ 
tion theory it is Ix'tler to describe it as 
“ the preformalion theory.”* Its chief 
point is this : There is no new formation 
of structures in the embryonic develop¬ 
ment of any organism, animal or plant, or 
even of man ; there is only a growth, or 
unfolding^ of parts which h.ave been con¬ 
structed or pre-formed from all eternity, 
though on a very small .scale and closely 
p.icked together. Hence, every living 
germ contains all the org.ans and parts of 
the bod\, in the form and arrangement 
they wili pre.senl later, already within it, 
and thu.s the whole embryological process 
is merely aiTevolution in the literal sen.se 
of the word, or an unfoldinff^ of parts that 
were pre-formed and folded up iirit. So, 
for instance, we find in the hen’s egg not 
merely a simple cell, that divides .and sub¬ 
divides and forms germinal Layers, and 
at last, after .all kinds of v.ariation and 
cleavage and reconstruction, brings forth 

* This theory is uhu.'illy known ns.the "evolution 
theory" in Germany, in contradistinction to the “epi- 
l^encsis theory." Itiit ,ia it is the latter that is called 
the “ evidiition theory" in Eiiffland, Prance, and Italy, 
and "evolution" and “epigenesis" are taken to be 
synonymous, it seems better to call the first the "pre- 
formation theory." 
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the body of the chick ; but there is in i 
jBvery egg from the first a complete 
chicken, with all its parts made and neatly j 
packed. These parts arc so small or so 
transparent that the microscope cannot 
detect them. In the hatching, these parts 
merely grow larger, and spread out in the 
normal way. 

When this llicory is consistently deve- 
lopoil^it becomes a “ scalulalion theory.”' 
According to its teaching, tliere was m.ide 
in the beginning one couple or one indi¬ 
vidual of each species of animal or plant ; 
but this one individual contained the 
germs of all the other individuals of the 
same species who should ever wine to 
life. As tlie lujfe of t he eart h was generally 
believed at tnat time to he fixed by the 
liible at 5,ckk> or (>,<xx) ye.irs, it seemed 
possible to calculate how manv individuals 
of each species had lived in the period, 
and st> had been packed inside' the first 
being that was created. The theory was 
consistently extended to man, and it was 
affirmed that our common parent live had 
had stored in her ovary the germs of .all 
the children of men. 

The theory at first took the form of a 
belief that it WJiiS the /rntii/rs who wen* 
thus encased in the first being. One 
couple of each species was created, but 
the female contained in her ovary all the 
future individuals of the species, of cither 
se?t.. However, this had to be altered 
w'hen the Dutch microscopist, Leeuwen¬ 
hoek, discovered the male sperm;ito/oa in 
itiqo, and showed that an immense nuiti- 
ber of these extremely fine and mobile 
thread-like beings exist in the male sperm 
(this will be explained in the seventh 
chapter). This astonishing discovery was 
further advanced when it was proved that 
these living bodies, swimming about in 
the seminal fluid, were rpal animalcules, 
and, in fact, wci-e the pre-formed germs of 
the future generation. When Ilje male 
and female procreative eleTnents came 
together at conception, these thread-like 
spermatozoa (“ seed-animals ”) were su|v 
posed to penetrate into the fertile body of 
the ovum and begin to develop there, as 
the plant .seed does in the fruitful ear^h. 
Hence, every sperinatozoon was regarded 
as a homunculus, a tiny complete man ; 
all the parts were believed to be pre-formed 
in it, and merely grew larger when it 
reached its proper medium in the female 

" Packing tJjonry " would be the literal translation, 
Scaittla is the Latin for a case or box. —Trans. 


ovum. This theory, also, was consistintly 
developed in the sense that in each of these 
thread-like bodies the whole of Its posterity 
was supposed to be present in the minutest 
form. Adam’s sexual glands were thought 
to have contained the germs of the whole 
of humanity. 

This “ theory of male scatuiation ” 
found itself at once in keen opposition 
to the prevailing “ female ” theory. The 
two rival theories at once openeef a very 
lively campaign, and the physiologists of 
the eighteenth century were divided into 
1 wo great camps -the Animalculi.sts and 
the Ovulists- which fought vigorously. 
The animalculists held that the sperma¬ 
tozoa were the true germs, and appealed 
to the lively movements and the structure 
of these bodies. The oppvising party of 
the Ovulists, who clung to the older 
“ evolution theory,” alfirmed that the 
ovum is the real germ, and that the 
spermatozoa merely stimulate it at con¬ 
ception to begin il, growth ; all the future 
generations are ston'd in the ovum. This 
view w.'is held by the great majority of the 
biologists of the eighteenth century, in 
spile of the fact Ih.al Wollf proved it in 
1759 to he without foundation. It owed 
its prestige chiefly to the circumstance 
that the most weighty authorities in the 
biology and philosophy of the day decided 
in favour of it, especially Haller, Bonnet, 
and Leibnitz. 

Albrecht ll.iller, professor at Gottingen, 
who is often called the father of physiology, 
was a man of wide and varied learning, 
but he does not occupy .a very high position 
in regard to insight into natural pheno¬ 
mena. He m.ade a vigorous defence of the 
“evolution theory” in his famous work, 
Elcm^ntaphysioloffiae, affirming: ‘ ‘ There 
is no such thing as formation (nulla est 
cpijircnests). No part of the animal frame 
is made before another;-all were made 
together.” He thus denied that there 
was any evolution in the proper sense of 
the word, and even went so far as to say 
that the heard existed in the new-born 
child and the antlers in the hornless fawn ; 
all the parts were there in advance, and 
were merely hidden from the eye of man 
for the time being. Haller even calculated 
the number of human beings that God 
must h;ive cre.ated on the sixth day and 
stored aw'ay in Eve’s ovary. He put the 
number at 200,000 millions, assuming the 
age of the world to be 6,000 years, the 
average age of a human being to be thirty 
years, and the population of the world at 
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that time to be i,ooo millions. And the 
famous Haller maintained all this non> 
sense, in spite of its ridiculous conse¬ 
quences, even after WolflF had discovered 
the real course of embryonic development 
and established it by direct observation ! 

Amonff the philosophers of the time 
the distingfuished Leibnitz was the chief 
defender of the “ preformation theorv,” 
and by his authority and literary prestf^j^e 
won many adherents to it. Supported by 
his system of monads, accordinif U> which 
body and soul are united in inseparable 
association and by their union form the 
individual, or the “ monad,” Leibnitz con- 
sistentlyextended the'“ scatulution tlieory" 
to the .soul, and held tliat this wa.s no 
more evolved than the body. He says, 
for instance, in his Thcodin't’: “ I mean 
that these souls, which one day are to be 
the souls of men, are present in tlic seed, 
like tho.se of oilier .species ; in such wise 
that they existed in our ancestors as far 
back as .\dam, or from the beg^ijining- of 
the world, in the forms of organised 
bodies.” 

The theory seemed to receive consider¬ 
able support fii.im the observations of one 
of its most zealous supporters, Lonnet. 
In 1745 he discovered, in the plant-louse, 
a case of parthenogenesis, or virgin-birth, 
an intere.sting form of reproduction that 
has lately been found by Siebold and others 
among various cla.sscs of the articulata, 
especially Crustacea and insects. Among 
these and other animaU of certain lower 
species the female may reproduce for 
several generations without having been 
fertilised by the male. These ova that do 
not need fertilisation arc called ‘‘ false 
ova,” pseudova or spores. Honnet saw 
that a female plant-louse, which he had 
kept in cloistral isolation, and rigidly 
removed from contact with males, had on 
the eleventh day (after forming a new 
skin for the fourth lime) a living daughter, 
and during the ne.xt twenty days ninety- 
four other daughters ;'and that all of them 
went on to reproduce in the same way 
without any contact with males. It 
seemed as if this furnished an irrefutable 
proof of the truth of the scatulation theory, 
as it was held by the Ovulists ; it is not 
surprising to find that the, theory then 
secured general acceptance. 

This was the condition of things when 
suddenly, in 1759, Caspar Friedrich WoHf 
appeared, and dealt a fatal blow at the 
whole preformation theory with his new 
theory of epigenesis. Wolff, the son-of a 


Berlin tailor, was bom in J73J, and went 
through his scientific and medical studies, ■ 
first at Berlin under the'famous anatomist 
Meckel, and afterwards at Halle. Here 
he secured his doctorate in his twenty- 
sixth ye^ir, .and in his academic disserta¬ 
tion (November 28th, 1759), the Theoria 
j^n-nenittonis, expounded the new theory 
of a real development on a basis of epi¬ 
genesis. This treatise is, in spite of its 
smallness and Its obscure phraseology, 
one of the most valuable in the whole 
range of biological literature. It is equally 
distinguished for the mass of new and 
careful observations it contains, and the 
far-reaching and pregnant ideas which the 
author everywhere extract.s frpm his obscr- 
v.'ilions and builds into a luminous and 
accurate theory of generation. Neverthe¬ 
less; it met with no .success at the time. 
Although scientific studies were then 
assiduously cultivated owing to the im¬ 
pulse given by Linne -although botani.sts 
and /oi>logists were no longer counted by 
dozens, but by hundreds, hardly any notice 
was taken of Wolffs theory. Kven when 
he established the truth ot epigenesis by 
the most rigorous ob.servations, iind de¬ 
molished the airy structure of the prefor¬ 
mation theory, the “ exact ” scientist 
Haller proved one of the most strenuous 
supporters of the old theory, and rejected 
W'ollf’s correct view with a dictatorial 
“There is no such thing as evolution.” 
He even went on to say that religion was 
mj;naced by the new theory ! It is not 
surprising that the whole of the physiolo¬ 
gists of the second half of the eighteenth 
■ icntury submitted to the ruling of this 
physiological pontiff, and attacked the 
theory of epigenesis as a dangerous inno¬ 
vation. It was not until more than fifty 
years afterwards that Wolff’s work was 
appreciated. Only when Meckel translated 
into German in tiii2 another valuable 
work of Wolff’s on T/ie Formation of the 
AUnu'tUary Canal (written in 1768), and 
called attention to its grefit importance, 
did people begin to think of him once 
more ; yet this obscure writer had evinced 
a profounder insight into the 'nature of the 
living organism than any other scientist 
of the eighteenth century. 

Wolff’s idea led to an appreciable 
advance over the whole* field of biology. 
There.is such a vast number of new and 
important observations and pregnant 
thoughts in his writings that we have 
only gradually learned to appreciate them 
rightly in the course of the nineteenth 
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century. He opened up the true path for 1 
research in many directions. In the first j 
place, his theory of epi^^cnesis gave us | 
our first real insight into the nature of j 
enibryonic development. IIc showed con- j 
vincin^ly that the development of every ' 
organism consists of a series of nnu ( 
formations, and that there is no trace, 
whatever of the complete form either in 
the ovum or the spermato/ooii. On the 
contrary, these are quite simple bodies, 
with a very dilTerent purport. 'I'he i 
embryo which is developed from them is 
also quite dilTerent, in its internal arnmge- 
menl and outer configuration, from the 
complete organism. There is no trace 
whatever of* preformation or in-folding of 
organs. To-day we can scarcely c.all i 
epigenesis a theory, because we an- con¬ 
vinced it is a fact, and can demonstrate it 
at any moment with the aid of the micro- 
scrope. 

WolITfurnished the conclusive empiric.il 
proof of his theory in his classic disserta¬ 
tion on The Formation of the Ahmentarv 
('ana! (1768,1. In its complete state the 
alimentary canal of the hen is .a lon^ and 
complex tube, with which the lungs, 
liver, salivary glands, and many otiier 
small glands, are connected. ’ VVoIlT 
sliowed that in the e.irly stages of the | 
embryonic chiciv there is no trace what¬ 
ever of this complicated tube with all its j 
dependencies, but instead of it onl\ a fiat, j 
le.’if-shaped body ; that, in fact, the whole I 
embryo h:is at first the appearance I 
of a fiat, ov.al-sh.aped le.if. V\'hen we j 
remember how dillicult the exact (fiiser- j 
vation of so fine and delicate a structure j 
as the early leaf-shaped body of the chick j 
must have been with the pogr micro- ; 
scopes then in use, we must admire the ! 
rare faculty for observation which enabled 
WolfT to m.'ikc the most important dis¬ 
coveries in this most difiicult part of 
embryology. By this laborious research 
he reached the correct opinion that the 
embryonic body of all the higher animals, 
such as the birds, is for some time merely 


a flat, thin, leaf-shaped disk—consisting 
at first of one layer, but afterwards of 
several. The lowest of these layers is the 
alimentary canal, and WollT followed its 
development from its commencement to 
its completion. He showed how this 
leaf-shaped structure first turns into a 
groove, then the margins of this groove 
fold together and form a closed canal, 
and :it length the two external openings 
o] the lube (the mouth and anus) appear. 

Moreover, the important fact that the 
other systems of organs are developed in 
the same way, from tubes formed out of 
simple layers, did not esc.ape WolfT. Tlie 
nervous s\sivm, muscular system, and 
vascular (blood-vessel) svstem, with all 
the organs .appertaining thereto, arc, like 
the alimentary .system, developed out of 
simple leal-sh.iped structures. Hence, 
W'olfi c.ame to the view by lybS which 
Pander developed in the Theoiy of 
(ieniunal leavers fifty years .afterwards. 
His principles are not literally correct ; 
but he comes .as ne.ir to the truth in them 
as was possible .at that time, and could be 
expected of him. 

ikir .admiration of this gifted genius 
Increases when we find th.al he was al.so 
the precursor oi tioelhe in regard to the 
metamorphosis of plants and of the 
famous cellular 'theory. Wolff had, as 
Huxley showed, a clear presentiment of 
this c.ardin.al lhev)ry, since he recognised 
small microscopic globules .as theelen.en- 
l.iry p.aits out ol which the germin.al 
l.ivers aiose. 

iMu.allv, I must invite special attcnlion 
to the mechanical character of the pro¬ 
found philosophic reflect ions which WolfT 
.ilw.ays added to his remark.ible ob.serva- 
lions. He was a great monistic philo¬ 
sopher, in the best meaning of the word. 
It is unfortunate that his philo.sophic dis¬ 
coveries were ignored as completely as 
his obsenations for more than half a 
century. We must be all the more 
careful to emphasise the fact of their 
clear monistic tendency. 
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Chapter III. 

MODKRN EMBRVOLOGY- 


^We may disting'uish Ihice t'liiof periods 
in the i'rovvlh of our scienee of luimun 
cmbryoioj;fy. The ilr.st has been con¬ 
sidered in the preeedini;^ chapter ; il 
embraces the whole of the prcp.iratory 
period of research, and extends from 
Aristotle to Caspar Friedrich WolIT, or to 
the year 175^, in which the epoch-makini^ 
Theoria s^cnemtionis was published. Tin- 
second period, with which we h.ive now 
to deal, lasts about a centuia that is it,) 
say, until the appearance of Darwin's 
Griffin of Species, which bioui'ht about a 
chaufje in tlie very foundations of hit)loj,;v, 
and, in ptirticular, of embrvoloi>;^y. 'I'he 
third period bej^ins with D.irwin. When 
we say that the second petiod lasted a full 
century, we must remember that WoIlT's 
work had remained almost unniticed 
during' half the time—namely, until the 
year 1812. During the whole of these 
fifty-three years not a single book that 
appeared followed up the path th.at Wollf 
had opened, or extended his theory of 
emb yonic development. We merely find 
his views - perfectly correct views, based 
on extensive observ'ations of fact - men¬ 
tioned here and there as erroneous ; their 
opponents, who adhered to the dominant 
theory of preformation, did not even deign 
to reply to them. This “unjust treatment 
was chiefly due to the extraordinary 
authority of .'Mbrecht v'on Haller; it is 
one of the most astonishing instances of 
a great authority, as such, preventing for 
a long time the recognition of established 
facts. 

The general ignorance of Wolff’s work 
was so great that at the beginning of the 
rtineteenth century two scientists of Jena, 
Oken (1806) and Kieser (1810), began 
independent research into the development 
of the alimentary canal of the chick, and 
hit upon the right clue to the embryonic 
puzzle, without knowing a word about 
Wolff’s important treatise on the same 
subject. They were treading in^his very 
footsteps without suspecting it. This can 
be easily proved from the fact that they 
did not travel as far as Wolff. It was not 


until IMcckcI tr.uisj^iled into German 
Wolff’s book on the alimentary system, 
and pointed out its great importance, th.it 
the eves of .matomists and phy'siologists 
were suddenly ojXMied. .'\t once a number 
of biologists instituted fresh embryological 
impiiiies, and began to confuni Wolff’s 
thv'ory of epigenesis. 

This resuscitation of embryology .and 
development of the epigenesis-theory was 
chietly connected with the. university of 
Wiirt/burg. One of the professors there 
at that time vv.is Dollinger, an eminent 
biologist, ,md father of the famous L'atholic 
histori.in who later distinguished himself 
by his opposition to the Hew, dogma of 
p.ip.il infallibllitj. Diillingcr was both a 
profound thinkerand an accural?observer. 
He took the keenest interest in embry- 
ology, and worked .at it a good deal. 
However, he is not himself responsible 
for any important result in this field. In 
i8ih :i young medical doctor, whom we 
may at once designate as Wollf’s chief 
successoi', Karl lirnst von liaer, came to 
Wurl/burg. liner’s conversations with 
Dollinger on embryology led to a fresh 
series of most extensive investigations. 
Dollinger had expressed a wish that .some 
young scientist .should begin again under 
his guidance an independent inquiry into 
the development of the chick during the 
hatching' of the egg. As neither he nor 
Haer had money enough to pay for an 
incubator and the proper control of the 
experiments, and for a competent artist 
to illustrate the various stages observed, 
the lead of the enterprise was given to 
Christian Pander, a weiilthy friend of 
Baer’s, who had been induced by Baer to 
come to Wurtzburg. An able engraver, 
Dalton, was engaged to do the copper¬ 
plates. In a short time the embryology 
of the chick, in which Baer was taking 
the greatest indirect interest, was so far 
advanced that Pander was able to sketen 
the main features of it on the ground of 
Wolff’s theory in the dissertation he 
published in 1817. He clearly enunciated 
the theory of germinal layers which Wolff 
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. h£ldmnticipate<l, and established the truth 
df Wolff’s idea of a development of the 
complicated systems of organs out of 
simple leaf-shaped primitive structures. 
According to Pander, the leaf-shaped 
objett in the hen’s egg divides, before the 
incubation has proceeded twelve hours, 
into* two different layers, an external 
fs'ervus layer and an Internal mucous layer ; 
between the two there devclopes later a 
third layer, the vascxilar (blood-vessel) 
layer.' 

Karl Ernst von Baer, who had set .afoot 
Pander’s investigation, and had shown 
the liveliest interest in it ;iftcr Pander’s 
departure from Wurtzburg, began his 
own much more comprehensi\e research 
in i8iq. He published the mature result 
nine years afterwards in his famous work, 
Auintal Embryology: Obsenuitiun and 
Reflection 4 not'translated). This classic 
work still remains a model of careful 
observation united to profound philosophic 
speculation. The first part appeared in 
18-28, the second i.n 1837. The book 
prtived to be the foundation on which the 
whole s^jence of embryology has built 
down to our own day. It so far surpassed 
its predecessors, and Pander in ffarticular, 
that it has become, after Wolff’s work, 
the chief base of modern embryology. 

Baer was one of the greatest scientists 
of the nineteenth century, and exercised 
considerable influence on other branches 
of biology as well. I le built up the thetiry 
of germinal layers,, as .a whole and in 
detail, so clearly and solidly Ljiat it has 
been the st.arting-point of embryological 
re!>carch ever since. He taught th.it in 
all the vertebnites first two and then four 
of these germinal layers are formed ; and 
that the earlie.st rudimentary organs of 
the body arise by the conversion of these 
layers into tubes. He described the first 
appearance of the vertebrate embryo, as 
it may be seen in the globular yelk of the 
fertilised egg, as an oval disk which first 
divides into two layers. From the upper 
or animal layer are developed all the 
organs which accomplish the phenomena 
of animal life--the functions of scn.sation 
and motion, and the covering of the body. 
From the kwer or VLgetative layer come 
the organs W'hich effect the vegetative life 
of the organism—nutrition, digestion, 
blood-formation, respiration, secretion, 
reproduction, etc. 

J The technical terms which are bound to creep Into 
this chapter will be fully understood later on.— Trans. 


Each of these original layers divides, 
according to Baer, into tjvo thinner ayid 
superimposed layers or plates. He calls 
the two plates of the animal layer, th^ 
skin-stratum and muscle-stratum. From 
the upper of these plates, tke-iskin-straiuM, 
the e.xternal skin, or outer covering of the' 
body, the central nervous system, .'and the 
sense-organs, are formed. From the 
lower, tir muscle-stratum, the muscles, or* 
fleshy parts and the bony skcleton-^ijn a 
word, the motor org.ans—arc evolved. In* 
the same way, Baer said, the lower or 
vegetative layer splits into two plates, 
which he calls the vascular-stratum and 
the mucous-stratum. From the outer tff 
the two (the vascular) the heart, blood¬ 
vessels, spleen, and the other vascular 
glands, the kidneys, and .sexual glands, 
are formed. From the fourth or im(coy,s 
layer, in line, we get the internal and 
digestive lining of the alimentary canal 
and all its dependencies, the liver, lungs, 
-salivary glands, etc. Baer had, in the 
main, correctly judged the significance of 
these four secondary embryonic layers, 
and he followed the conversion of them 
into the tube-shaped primitive organs 
wnth great perspicacity. He first solved 
the dillicult pn>,blem of the transformation 
of this four-fold, flat, leaf-shaped, em¬ 
bryonic disk into the complete vertebrate 
body, through the conversion of the 
layers or plates into tubes. The flat 
leaves bend themselves in obedifence to 
certain laws of growth ; the borders of the 
curling plates approach nearer and nearer; 
until at last they come into actual contact. 
Thus out of the flat gut-plate is formed ^ 
hollow gut-tube, out of the'fl.at spinal 
plate a hollow nerve-tube, from the skin- 
plate a skin-tube, and so on. V 
Among the many great services which 
Baer rendered to embryology, especially 
vertebrate embryology, we jiiust not 
forget his discovery of the human ovum. 
Earlier scientists had, as a rule, of course, 
assumed that man developed out of an 
egg, like the other animals. In fact, the 
preformation theory held th.it the germ* 
of the w'hole of humanity w'ere stdred 
.already in Eve’s ova. But the real ovum 
escaped detection until the year ^ 1827. 
This ovum is extremely small, being a^, 
tiny round vesicle about the yto of an 
inch in diameter ; it can be seen under 
very favourable circumstances with the 
naked eye as a tiny particle, but is other¬ 
wise quite invisible. This particle is 
formed in the ovary inside a much larger , 
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g lobule, which take$ the name of ,the 
rt*aafian follicle, from its discoverer, 
Gfaa^ and had’' previously been ref^arded 
as the- true ovum. However, in 1827 
Baer proved that it was not the real 
Ovntn, which.is much smaller, and i.s con¬ 
tained within the follicle. (Compare tlie 
end of die twenty-ninth chapter.) 

Baer was also the first to observe what 
is known as the segmentation sphen' of 
thq yertehrate ; that is to say, the round 
vesicle which first devclopes out of the 
impregnated ov'um, and the thin wall of 
which is made up of a single layer of 
regular, polygonal (many-cornered) cell.*, 
(see the illustration in the twelfth chapter). 
Another di.scovery of his that.was of great 
importance in constructing the vertebrate 
stem and the characteristic organisation 
of this extensive group (to which man 
belongs) wits the detection t»f the a.xial 
rod, or the chorda dorsalis. This is a 
long, round, cylindrical rod of cartilage 
which runs down the longer axis of the 
vertebrate embryo ; it appears at an early 
stage, and is the first sketch of the spinal 
column, 4 ^he solid skelet.al axis of the ver¬ 
tebrate. Ifi the low'cst of the vertebrates, 
the amphioxus, the internal .skeleton con¬ 
sists only of this cord throughout life. 
But even in the case of man and all the 
higher vertebrates it is round this cord 
that the spinal- column and the brain are 
afterwards-formed. 

However, important as these and many 
other discoveries of Baer’s were in verte¬ 
brate embryology, his researches were 
even more influential, from the circum¬ 
stance that he was the first to employ the 
comparative method in studying the 
development of the animal frame. Baer 
occupied himself chiefly with the embryo¬ 
logy «of vertebrates (especially the birds 
‘and fishes). But he by no means confined 
-^i-s attention to thestie, gradually taking 
the various groups of .the invertebrates into 
his sphere of study. As the general result 
of his comparative embryological research, 
Baer distinguished four different modes 
of development and four corresponding 
groups in the animal world. These chief 
groups br types are: i, the vertebrata ; 
2, the articulata ; 3, the mollusca.; and 4, 
all the lower groups which were then 
wrongly comprehended under the general 
name of the radiuta. Georges Cuvier had 
be6n tlie first to formulate this di.stinction, 
in 1812. He showed that these groups 
pre^nt specific differences in their whole 
internal structure, and the connectiort and 



disposal pf ^their systems of organs vtikA ^ 
that, on the other hand, all the animals qf 
the same type—Kiy, the vertebrates— 
essentially agreed in tlufir inner structure, 
in spite of the greatest superficial dif¬ 
ferences. But Baer proved that these four 
groups are also quite differently developed 
from the ovum; and that the scrity* of 
embryonic forms is the same throughout 
for animals of the same type, but different * 
in the case of other animals. Up to that 
time the chief aim in the classification of 
the animal kingdom was to arrange all 
the animals from lowest to highest, from 
the infusorium to man, in one long and 
continuous series. The erroneous idea 
prevailed nearly everywhere that there 
was one uninterrupted chain of evolution 
from the lowest animal to the highest. 
Cuvier and Baer proved that this view 
was false, and that we must distinguish 
four totally different types of animals, on 
the ground of an.atoniic structure and 
em bryon ic devel opme n t. 

B.-ier’s epoch-making works aroused an 
extraordinary and widespread interest in 
embryological research. Immediately 
afterwards we find a great number of 
observers -at work in the newly opened 
field, enlarging it in a very, short time 
with great energy by their various dis¬ 
coveries in detail. Next to Baer’s comes 
the admirable work of Heinrich Rathke, 
of Kdnigsberg (died iSfio ); he made an ex¬ 
tensive study of the embryology, not only 
of the invertebrates (crustaceans, insects, 
nu)lluscs), but also, and p.articularly, of 
the vertebrates (fishes, tortoises, .serpents, 
crocodiles, etc.). We owe the first com¬ 
prehensive studie.s of mammal embryology 
to the careful re.search of Wilhelm Blschoff, 
of Munich ; his embryology of the rabbit 
(1840), the dog (1842), the guinea-pig 
(1852), and the doe (1854), still form 
classical studies. About the same time a 
great impetus was given to the embryo¬ 
logy of the invertebrates. The way was 
opened through this obscure province by 
the studies of the famous Berhn zoologist, 
Johannes Muller, on tlie cchinoderms. 
He was followed by Albert Kdlliker, of 
Wiirtzburg, writing on the cuttle-fish 
‘(or the cephalopods), Siebold and Huxley 
on worms and zoophytes, Fritz Muller 
(Desterro) on the Crustacea, Weism.ann on 
insect.s, and so on. The number of workers 
in this field has greatly increased of late, 
and a quantity of new and astoni.shing 
discoveries have been made. One notices, 
in several of these recent works on 
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embryology, that their authors are too little 
acquainted with comparative anatomy 
and classificalion. Paleontology is, un¬ 
fortunately, altogether neglected by many 
t>f these new workers, although this in¬ 
teresting science furnishes most important 
facts for pliylogeny, and thus often proves j 
of very great service in ontogeny. 

A very important advance was made 
in our science in 1X39, when the cellular 
theor}' w’as establislied, and a new Held 
of inquiry bearing on embryology was 
suddenly opened. When the famous 
botanist, M. Schlciden, of Jena, showed in 
1838, with the aid of the microscope, that 
every plant was made up of innumerable 
elementary parts, which we call cells, a 
pupil of Johannes Muller at Berlin, 
Theodor Schwann, applied the discovery 
at once to the animal organism. He 
showed that in the animal body as well, 
when we examine its tissues in the micro- 
scojX‘, we find these cells everywhere to 
be the elementary units. All the dilferenl 
tissues t)f the organism, especially the ver}’ 
dissimilar tissues t)f the ner\es, muscles, 
bones, external skin, mucous lining, etc., 
are tniginally formed out of cells ; and 
this is also true of all the tissues of the 
plant. These cells are separate livitig 
beings ; they are the citizens of the .State 
which the entire multicellular organism 
seems to be. This important discovery 
was bound (o he t)f service to embr\oloi>y, 
as it raised a number of new questions. 
What is .the relation of the cells to the 
germinal layers? Are the germinal layers 
composed of cells, and what is their rela¬ 
tion to the cells of (he tissues that form 
Later? How does the ovum stand in the 
cellular theory ? Is (he ovum itself a cell, 
or is it composed of cells ? These impor- 
t.'in( que.stions were now imposed on the 
embryologist by the cellul.ar theory. 

The most notable effort to answer these 
questions which were attacked on all 
sides by difl'erent students- is contained 
in the famous work, Inquiries into the 
DcTH'lopment of the Votelirates {noi trans¬ 
lated) of Robert Remak, of Berlin (1851). 
This gifted scientist succeeded in master¬ 
ing, by a complete reform of the science, 
the great difficulties which the cellular 
theory had at first put in the wtiy of 
embryology. A Berlin anatomist, Carl 
Boguslaus Reichert, hadalreadyattempted 
to explain the origin of the tissue.s. But 
this attempt was bound to mi.scarry, since 
its not very clear-headed author lacked a 
sound acquaintance ^’ith embryology and 


the cell theory, and even with the struc¬ 
ture and development of the tissue in par¬ 
ticular. Remak at length brought order 
into the dreadful confusion that Reichert 
had caused ; he gave a perfectly simple 
explanation of the origin of the tissues. 

In his opinion the animal ovum is always 
a simple cell: the germinal Tayers which < 
dev'clop out of it are always composed of 
cells ; and these cells that constitute the 
germinal layers .arise simply from the 
continuous and repeated cleaving (seg¬ 
mentation) of the original solitary cell, t 
I t first divides -into two and then into four 
cells ; out of these four cells are born 
eight, then sixteen, thirty-two, and so on. 
Thus, in the embryonic development of 
every animal and plant there is formed 
first of all out of the simple egg cell, by a 
repe.'ited sub-division, a cluster of cells, as 
Kolliker had .already stated in connection 
with the cephalopods in 1844. The cells 
of this group spre.ad themselves out flat 
.and form le.avcs or pkites; each i)f these 
leaves is formed exclusively out of cells. 
The cells»t)f different layers assume dif¬ 
ferent shapes, incre.ase, .and differentiate ; 
and in the end there is a further cleavage 
(differentiation) and division of work of 
the cells within the Layers, and from these 
.all the different tissues of the body 
proceed. 

I'hese are the simple foundations of 
histoe^eny, or the science that tre.ats of 
the development of the tissues (hista), as 
it W'.as established by Remak .and Kolliker. 
Remak, in determining more closely the 
part which the different germinal layers 
play in the formation of the various tissues 
and org.ans, and in applying the theory of 
evolution to (he cells .and the ti.ssues they 
compose, raised the theory of germinal 
layers, at least as far as it regards the ' 
vertebrates, to a high degree of perfection. 

Rem.ak showedthree l.ayers are 
formed out of the two germinal layers 
I which compose the first simple leJif- 
shaped structure of the vertebrate body 
(or the “germinal disk”), as the lower 
Layer splits into two plates. These three ' 
layers h.ave a very definite rel.ation to the 
I various tissues. First of all, the cells 
1 which form the outer skin of the body 
' (the epidermis), with its various depen- 
j dencies (hairs, mails, etc.) -that is to say, 

! the entire outer envelope ofllie body—are 
developed out of (he outer or upper layer; 
but (here .are also developed in a curious 
way out of the same layer the cells which 
form the central nervous system, the 
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brain and the spinal cord. In the second 
place, the inner or lower 'j^erminal layer 
gives rise only to the cells which form the 
epithelium (the whole inner lining) of the 
alimentary canal and all that depends on 
it (the lungs, liver, pancreas, etc.), or the 
tissues that receive and prep;ire the 
nourishment,of the body. Finally, the 
middle layer gives rise to all the other 
tissues of the body, the muscles, blood, 
bones, cartilage, etc. Remak further 
proved that this middle layer, which he 
calls “the motor-germinative layer,” 
proceeds to subdivide into two secondary 
layers. Thus we find once more the four 
layers which Baer had indicated. Remak 
calls the outer second.iry leaf of the 
middle layer (Baer’s “muscular layer") 
the “skin layer” (it would be heller to 
say, skin-tibre layer); it forms the outer 
wall of the body (llie true skin, the 
muscles, etc.). I'o the inner second.iry 
leaf (Baei’s “ y.iscular layer”) he gave 
the name of the “ .iliment.ii y-libre l.iyei 
this Ibrms the outer einelope of tlu- 
alimentary lan.tl, witli the meseiileiy, the 
heart, llu' bli>od-yesstls, i.-lc 

On this til 111 foundation provided by 
Remak for lustoin'n\\ or the sv ieiue of the 
formation of the tissues, our knowledge 
has lieeii giadually built up and enlarged 
in det.iil. Theru have been several 
attempts to restrict and even destroy 
Remak’s principles. The two aiiato- 
misls, Reichert (of Berlin) .iiid W’ilbelin 
His (of Leip/ic), especi.dlv, have eiide.i- 
voured in their works to introduce .i new 
conception of the embryonic clcwelopnienl 
of the vertebrate, according to which the 
two prini,iry germinal layers would not be 
the sole sources of formation. But these 
efforts were so sei iously marred by igno¬ 
rance of c'omparative anatomy, an imper¬ 
fect ac».ji.iamlance with ontogenesis, and 
a complete neglect |H’ ph) logencsis, that 
they cxiuld not have more' th.'in ;i passing 
success, VV’e can only eicplain how these 
curiou.s attacks of Reichert and His came 
to be regarded for a time as advances by 
the general lack of di.scrimination and 
of grasp of the true object of embry- 
ology. 

Wilhelm His publi.shcd, in 1868, his 
extensive Researches into the Earliest 
Form of the Vertebrate /foc^,‘oneof the 
curiosKies of embryological literature. 
Tlie author imagines that can build 

* None of IIi.s'b works h-avc been translated into 
English. 


a “mechanical theory of embryonic 
dev'elopment " by merely giving an exact 
description of the embryoltigy of tlu'. 
chick, without any regard to comparative 
anatomy and phylogeny, and thus falls 
into an error that is almost w'ithout 
parallel in the history of biologic.il litera¬ 
ture. As the final result of his laborious 
investigations, His tells us “that a com¬ 
paratively simple law of growth is the 
one es.sential thing in the first develop¬ 
ment. Ivvcry formation, whether it con¬ 
sist in cleavage of layers, or folding, or 
complete division, is a consequence of this 
fundanient.'il law.” Unfortunately, he 
does not explain wh.it this “law of 
growtli ” is ; just .is other opponents of the 
theory of selection, who would put in its 
place a great “ law of evolution,” omit to 
tell us anything about the nature of this. 
Nevertheiess, ii is quite clear from His’s 
works th.it he imagines lonstructive 
N.iture to be a .soil of skilful t.iilor. The 
ingenious opeiator succeeds in biinging 
intc> existence, by “ i volulion,” .all the 
v.uious forms of living things by cutting 
up in dilfereiit ways the germinal layers, 
bending- and folding, tugging and split¬ 
ting, .and so on. 

His’s embryokigic.il theories excited a 
good de.il c'f interest at the time of publi¬ 
cation, ,md have evoked a fair amount ol 
liter.iture in the l.ast few decades. He 
piofessed to explain the most complicated 
p.irts v>l' organic construction (such as the 
development of the brain) in the simplest 
vvaiy on mech.inical principles, tind to 
derive them immedi.itcly from simple 
jilivsii al processes (such as unec|u.al distri¬ 
bution of strain in an ehistic plate). It is 
c|uite trill" th.it a mech.anic.al or monistic 
expl.in.ition (or a reduction of natunil 
phenomena to physic.al ;ind chemical 
processes*) is the ideal of modern science, 
.and this ideal would be. retilised if we 
could succeed in expressing these forma¬ 
tive processes in m.athemtitical formula-. 
His has, therefore, inserted plenty of 
numbers and measurements in his em- 
bryologic.al works, and given them .'in air 
of “exact” scholarship by putting in a 
quantity of mathematical tables. Unfor¬ 
tunately, they are of no value, and do not 
help us in the least in forming an “ exact ” 
acquaintance with the embryonic pheno¬ 
mena. Indeed, they wander from the 
true path altogether by neglecting the 
phylogenetic method ; this, he thinks, is 
“ a mere by-path,” and is “not neces.sary 
at all for the explanation of the facts of 
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embryolof^y,” which arc the direct conse¬ 
quence of physiol ofjical principles. What 
His takes to be a simple physical process 
—for instance, the foldiiifj of (he j^crininal 
layers (in the formation of the medullary 
tube, alimentary tube, etc.)--is, us a 
matter of fact, the direit result of the 
growth of the various cells which form 
those organic structures; but these 
growth-motions ha\'e themselves been 
transmitted by heredity from p.arents 
and ancestors, and .are only the, heredi¬ 
tary repetition t>f countless phylogenetic 
ch.anges which have taken place for 
thous.inds of years in the race-history of 
the said ancestors. Each of these his¬ 
torical changes w.as, Of course, originally 
due to ad.'iptation ; it was, in other words, 
physiological, .and reducible to mechanical 
causes. Hut we have, naturally, no 
means of observing (hem ntjw. It is only 
by (he h5'pt>theses of the science of evolu¬ 
tion that we can form an approximate 
ide.'i of the organic links in this historic 
chain. 

All (he best recent research in anim.al 
embryology has led to the confirmation 
and development of Baer and Remak’s 
thpory of the germinal layers. One of 
the mast important advances in this 
direction of late was the discovery that 
the two primary layers out of which is 
built the body of all vertebrates (including 
man) are .also present in all the inverte¬ 
brates, with the sole exception of the 
lowest group, the unicellular protozo.a. 
Huxley had detected them in the medusa 
in I Sag. He showed that (he two layers 
of cells from which the body of this zoo¬ 
phyte is developed correspond, both mor¬ 
phologically .and physiologically, to the 
(wo origitial germin.al Layers of the verte¬ 
brate. The outer layer, from which 
come the extcrufil skin sind the muscles, 
was then called by Allman (iSgi) the 
“ ectoderm ” ( = outer layer, or skin); the 
inner Layer, which forms the alimentary 
and reproductory organs, was called the 
‘ ‘ entoderm ” (= inner laj'er). In 1867 and 
the following years the discovery of the 
germinal layers was extended to other 
groups of the invertebrates. 1 n particular, 
the indefatigable Russi.an zoologist, 
Kow.alevsky, found (hem in all the most 
diverse sections of the invertebrates —the 
worms, tunicates, echinodenns, molluscs, 
articulates, etc. 

In my monograph on the sponges (1872) 
1 proved (hat these two primary' germinal 
layers are also found in that group, and 


I that they may be traced from it right up 
to man, through all the various classes, 
in identical form. This “homology of 
the twt) primary germinal layers ’’extends 
through the whole of the metazoa, or 
(issue-forming animals ; that is to say, 
through the whole animal kingdom, with 
the one exception of its lowest section, the 
unicellular beings, or protozoa. Tliese 
lowly organised animals do not form 
germinal layers, and therefore do not 
succeed in forming true tissue. Their 
whole body consists of a single cell (as 
is the case with the amoebic and infusoria), 
or of a loose aggregation of only slightly 
differcnti.ated cells, though it may hot 
even reach the full structure of a single 
cell (as with the monera). Hut in all 
other animiils the ovum firUt grows into 
two prim.'iry layers, the outer or animal 
layer (the ectoderm, epiblast, or ectoblast), 
and the inner or vegetal layer (the ento¬ 
derm, hypoblast, or endoblast); and from 
these the tissues and org.ins are formed. 
The first and oldest organ t)f all those 
metazo.a is the primitive gut (or pro- 
gas(er) and its opening, the primitive 
mouth (prostoma). The typical em¬ 
bryonic form of the metazoa, as it is 
presented for a time by this simple struc¬ 
ture of the two-layered body', is callfed the 
frastrula: it is to be conceived as the 
hereditary reproduction of some primitive 
common ancestor of the metazoa, which 
we call the ffasfreea. This applies to the 
sponges and other zoophyta, and to the 
worms, the mollusca, echinoderma, arti- 
cuL'Ua, and vertetar.ata. .Ml these animals 
m.a\' be comprised under (he genera! 
heading of “gut animals,” qr metazoa, 
in contradistinction to the gutless pro¬ 
tozoa. 

1 have pointed out in my Study of the 
Gastnea Theory |not translated] (1873) the 
important consequehces of this concep¬ 
tion in the morphology and classification 
of the animal world. I also divided the 
realm of metazoa into two great groups, 
the lower .'ind higher metazoa. In the 
first are comprised the ccclenterata (also 
called zoophytes, or “pLant-animals ”). In 
the lower forms of this group the body 
consists throughout life merely of the 
prim<ary germinal layers, with the cells 
sometimes more and sometimes less dif¬ 
ferentiated. But with the higher forms 
of the coelenterata (the corals, higher 
medusae, ctenophorai, and platodes) a 
middle layer, or mesoderm^ often of con¬ 
siderable size, is developed between the 
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other two layers; but blood and an 
internal cavity are still lacking. i 

To the second great jgroup of the meta¬ 
zoa I gave the name of the ctrlomaria, or 
bilaierata (or the bilateral higher forms). 
They all have a cavity within the body 
(coeloma), and most of them have blood 
and blood-vessels. In this are comprised 
the six higher stems of the animal king¬ 
dom, the annulata and their descendants, 
the mollusca, echinoderma, articulata, 
tunicata, and \ertebrala. In all these* 
bilateral organisms the two-sided body is 
formed out of four secondary germinal 
layers, of which the inner two construct 
the wall of the alimentary canal, and the 
outer two the wall of the body. Between 
the two pairs of layers lies the cavity 
(ctclom.a). • 

Although I laid special stress on the 
great morphological importance of this 
cavity in my Study of the Gastrira Theory^ 
and endeavoured to prove the significance 
of the four secondary germinal layers in 
the organisation of the ca'lomaria, I was 
unable to deal .satisfactorily with the 
difficult question of the mode of their 
origin. This was done eight years after¬ 
wards by the brothers Oscar and Richard 
Hertwig in their careful and extensive 
comparative studies. In their masterly 
Coelom Theory: An Attempt to Explain 
the Middle Germinal Layer]^ not translated | 
(t88i) they showed that m most of the 
metazoa, especially in all the vertebrates, 
the body-cavity arises in the same way, by 
the outgrowth of two sacs from the inner 
layc r. These two ccelom-pouches proceed 
from the rudimentary mouth of the gas- 
trula, between the two primary layers. 
The Inner plate of the two-layered coelom- 
pouch (the visceral layer) joins itself to 
the entoderm ; the outer plate (parietal 
layer) unites with the ectoderm. Thus 
are formed the double-layered gut-wall 
within and the double-layered body-wall 
without; and between the two is formed 
the cavity of the ctelom, by the blending 
of the right and left coelom-sacs. We 
shall see this more fully in Chap. X. 

The many new points of view and fresh 
ideas suggested by my gastraja theory 
and Herlwig’s coelom theory led to the 
publication of a number of writings on 
the theory of germinal layers. Most of 
them set out to oppose it at first, but in 
the end the majority supported it. Of late 
years both theories are accepted in their 
essential features by nearly every compe¬ 
tent man of science, and light and order 


have been introduced into this once dark 
and contradictory field of research. A 
further cause of congratulation for this 
solution of the great embryological con¬ 
troversy is that it brought with it a recog¬ 
nition oT the need for phylogenetic study 
and explanation. 

Interest and practice in embryological 
Research have been remarkably stimulated 
during the past thirty years by this appre¬ 
ciation of phylogenetic methods. Hun¬ 
dreds of assiduous and able observers are 
now engaged in the development of com¬ 
parative embryology and its establishment 
on a basis of evolution, whereas they 
numbered only a few dozen not many 
decades ago. It would take loo long to 
enumerate even the most important of 
the countless valuable works which have 
enriched embryological literature since 
that time. References to them will be 
found in the latest manuals of embryology 
of Kdlliker, Balfour, Hertwig, KoHman, 
Kor.schelt, and Heider. 

KoHiker’s Enhvicheluny^sfrcschichte des 
Menschen und der hoherer Thiere, the first 
edition of which appeared forty-two years' 
ago, had the rare merit at that time of 
gathering into presentable form the 
scattered attainments of the science, and 
expounding them in some sort of unity on 
the basis of the cellular theory and the 
theory of germinal layers. Unfortunately, 
the distinguished Wurtzburg anatomist, 
to whom comparative anatomy, histology, 
and ontogeny owe so much, is opposed 
to the theory of descent generally and to 
Darwinism in particular. All the other 
manuals 1 have mentioned take a decided 
stand on evolution. Francis Balfour has 
carefully collected and pre.sented with 
discrimination, in his Manual of Compara¬ 
tive Emhryolofry (1880), the very sc.attered 
and extensive literature of the subject ; he 
has iilso widened the basis of the gasjra'a 
theory by a comparative description of the 
rise of the organs from the germinal 
layers in all the chief groups of the animal 
kingdom, and has given a most thorough 
empirical support to the principles 1 have 
formulated. A compari.son of his work 
with the excellent Text-Book of tlw Embryo¬ 
logy of the Vettebrates (iHqo) [translation 
1895] of Korschelt and Heider shows what 
astonishing progress has been made in 
the science in the course of ten years. I 
would especially recommend the manuals 
of Julius Kollmann and Oscar Hertwig 
to tho.se readers who are stimulated to 
further study by these chapters on human 
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embryology. Kollmann’s work is com¬ 
mendable for its clear treatment of the 
subject and very fine original illustrations ; 
its author adheres firmly to the biogenetic 
law, and uses it throughout with consider¬ 
able profit. That is not the rase in Oscar 
Hertwig’s recent Text-hook of (he Enthtyo- 
logy of Man and the A-[translations 

i8q2 and iXqnj (seventh edition, 1902). 
This able anatomist has of late often been 
quoted as an opponent of the biogenetic 
law, although he himself had demon¬ 
strated its great value thirty years ago. 
His recent vacillation is partly due to the 
timiditv which our “exact” scientists 
have with regard to hypt>thescs ; though 
it is quite impossible to make any head¬ 
way in the explanation of facts without 
them. However, the purely descriptive 
part of embryology in Hcrt wig’s Text-hook 
is very thorough and reliable. 

A new branch of embryological research 
has been studied very assiduously in the 
last decade of the nineteenth century - 
namely, “experimental embryology.” 
The great importance wdiich has been 
attached to the application of physical 
experiments to the living organism for 
the last hundred years, and the valuable 
results that it has given to physiology In 
the study of the vital phenomena, have 
led to its extension to embryology. 1 was 
the first to make experiments of this kind 
during a .stay of four months on the 
Canary Island, Lanzerote, in i8(>6. 1 

there made a thorough investigatiim of 
the i^nost unknown embryology of the 
siphonophor.'u. 1 cut a number of the 
embryos of the.se animals (which develop 
freely in the water, and pass through a 
very curious transformation), at an early 
stage, into several pieces, and found that 
a fresh organism (more or less complete, 


according to the size of the piece) was 
developed from each particle. More 
recently some of my pupils have made 
similar experiments with the embryos of 
vertebrates (especially the frog) and some 
of the invertebrates. Wilhelm Roux, in 
particular, has made extensive experi¬ 
ments, and based on them a special 
“mechanical embryology,” which has 
given rise to a good deal of discussion 
and controversy. Roux has published a 
speci.'il journal for these subjects since 
1895, the Arc/nv fur Enhvickelungs- 
mechanik. The contributions to it arc 
very varied in value. Many t)f them are 
valuable papers on the physiology and 
pathology of the embryo. I’athological 
experiments—the placing of the embryo 
in abnormal conditions have yielded 
many interesting results ; just as the 
physiology of the normal body has for a 
long time derived assistance from the 
pathology of the diseased organism. 
Other of these mech.anical-embryological 
articles return to the erroneous methods 
of His, and a.e only misleading. This 
must be said of.the many contributions 
of mechanical embryt)logy which take up 
a ptisition of hostility to the theory of 
descent and its chief embryological foun¬ 
dation—the biogenetic law. This law, 
however, when rightly understood, is not 
oppi>sed to, but is the best and most solid 
support of, a sound mechanical embry- 
ology. Impartial reflection and a due 
attention to paletnitology and caniipara- 
tive anatomy should convince these one¬ 
sided mechanicists that the facts they 
have discovered and, indeed, the wdiole 
embryological process -cannot be fully 
understood without the thet>ry of descent 
and the biogenetic law. 


Chapter IV. 
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The embryology of man and the animals, 
the history of which we have reviewed in 
the last two chapters, was mainly a 
descriptive science forty years a^o. The 
earlier investigations in this province were 


chiefly directed to the discovery, by careful 
observation, of the wonderful facts of the 
embryonic development of the aninuil 
body from the ovum. Forty years ago 
no one dared attack the question of the 
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causes of these phenomena. For fully a 
century, from the year lysq, when Wolff’s 
solid Theoria generation is appeared, until 
1859, when Diirwin published his famous 
Orijifin of Species, the real causes of the 
embryonic processes were quite unknown. 
No one thou{»’ht of seeking the agencies 
that effected this m.arveIlous succession of 
structures. The task \v;is thought to be 
so difficult as almost to pass beyond the 
limits of human thought. It was reserved 
for Charles Darwin to initiate us into the 
knowledge of these t:.'iuses. This compels 
us to recognise in this gre.'it genius, who 
wrought a complete revolution in the 
whole field of biology, a founder ;it the 
same time of a new period in embryology. 
It is true that Darwin occupied himself 
very little with direct embryologic.al 
research, and even in his chief w'ork he 
onl)'^ touches incidentally on the embryonic 
phenomena ; but by his reform of the 
theory of descent and the founding of the 
theory of selection he has given us the 
means of attaining to a real knowledge 
of the causes of embryonic formation. 
That is, in mv opinion, the chief feature 
in Darwin’s incalculable intliience on the 
whole science of evolution. 

When we turn our attention to this 
latest period of embryt>logical research, 
we pass into the second division of organic 
evolution—stem-evolution, or phytogeny. 

I have already indicated in the first chapter 
the important .and intimate causal connec¬ 
tion between these two sections of the 
science of evolution -between the evolu¬ 
tion of the individual and that of his 
ancestors. We have formulated this 
connection in the biogenetic law ; the 
shorter ev'olution, that of the individual, 
or onfoi^enesis, is .1 r.apid and summary 
repetition, a condensed reciipitulation, of 
the larger evolution, or that of the species. 
In this principle we express all the essen¬ 
tial points relating to the c<auses of evolu¬ 
tion ; and we shall seek throughout this 
work to confirm this principle and lend it 
the support of facts. When we look to 
its causal signific.ince, perhaps it would 
be better to formulate the biogcnetic law 
thus: “The evolution of the species and 
the stem (phylon) shows us, , in the 
physiological functions of heredity and 
adaptation, the conditioning causes on 
which the evolution of the individual 
depends or, more briefly : “ Phylo¬ 
genesis is the mcch.anical cause of onto¬ 
genesis.” 

But before we examine the great 


achievement by which Darwin revealed 
the cau.ses of evolution to us, we must 
glance at the efforts of e.arlier scientists 
to .attain this object. Our historical 
inquiry into these will be even shorter 
than that into the work done In the field 
of ontogeny. VW* have very few names 
to consider here. At the head of them 
we find the great French naturalist, Jean 
Lamarck, who first estahlished evolution 
as .'i scientific theory in 1809. Kven before 
his time, however, the chief philosopher, 
K.'int, .and the chief poet, (Joethe, of 
tlermany had occupied themselves with 
the subject. But their efforts p.assed 
almost without recognition in the 
eighteenth century. A “philosophy of 
■mature ” did iu)t arise until the beginning 
of the nineteenth century. In tlie whole 
of the time before this no one had ven¬ 
tured to raise seriously the question of the 
origin of species, which is the culminating 
point of phylogeny. On all sides it was 
regarded as an insoluble enigma. 

The whole science of the evolution of 
man and the other animals is intimately 
connected w'ith the question of the n.ature 
ol species, or with the problem of the 
origin of the various .animals whiih we 
group together under the name of species. 
Thus the definition of the species becomes 
important. It is well known that this 
definition was given by Linnf‘, who, in 
his famous Systema Natune. (1735), was 
the first to classify and name the various 
groups of animals and pl.ants, and drew 
up .an orderly scheme of the species then 
known. .Since that time “species” has 
been the most import.ant .and indispens¬ 
able idea in descriptive natural history, 
in zoologic.al .and botanical classification ; 
although there have been endless contro¬ 
versies as to its re.al meaning. 

Wh.at, then, is this “organic species”? 
Linnij himself appealed directly to the 
Mosaic narrative ; he believed that, as it 
is stated in Genesis, one pair of e.ach 
species of animals .and plants w.as created 
in the beginning, and that all the indi¬ 
viduals of each species arc the descendants 
of these created couples. As for the 
hermaphrodites (organisms th.at have 
male and female org.ans in one being), he 
thought it sufficed to .assume the creation 
of one sole individual, since this w'ould be 
fully competent to propagate its species. 
Further developing the.se mystic Ideiis, 
Linn6 went on to borrow from Genesis the 
account of the deluge and of Noah’s ark as 
a%round fur a science of the geographical 
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and topographical distribution of organ¬ 
isms. He accepted the story that all the 
plants, animals, and men on the earth 
were swept away in a universal deluge, 
except the couples preserved with Noah 
in the ark, and ultimately landed on 
Mount Ararat. This mountain seemed to 
Linnd particularly suitable for the landing, 
as it reaches a height of more than 
16,000 feet, and thus provides in its 
higher zones the several climates de¬ 
manded by the v.arious species of animals 
and plants: the .'inimals that were 
accustomed io a cold climate could 
remain at the summit; those used to a 
warm climate could descend to the foot ; 
and those requiring a temperate climate 
could remain half-way down. From this 
point the re-population of the earth with 
animals .and plants could proceed. 

It was impossible to have any scientific 
notion of the method of evolution in 
Linne’s time, as one of the chief sources, 
of information, paleontology, was still 
wholly unknown. This science of the 
fossil remains of extinct anim.ils and 
plants is very closely bound up with the 
whole question of evolution. It is im¬ 
possible to explain the origin of living 
organisms without appe.aling to it. But 
this science did not rise until a much later 
dale. The real founder of scientific 
p-aleontology was Georges Cuvier, the 
most distinguished zoologist who, after 
Linnt?, worked at the classification of the 
animal world, and efi'ected a complete 
x'evolution in .system.atic zoology at the 
beginning of the nineteenth century. In 
regard to the n.ature of the sjxn'ies he 
.associated himself with Linne and the 
Mosaic story of creation, though this was 
more difficult for him with his .acquain¬ 
tance with fossil remains. He clearly 
showed that a numlx'r of quite dilTcrent 
anipial populations have lived on the 
earth ; and he cl.aimed that we must 
distinguish a numlx*r of stages in the 
history, pf our planet, each of which was 
characteri.sed by a special population of 
anlm.als and plants. These successive 
populations were, he s<aid, quite indepen¬ 
dent of each other, and therefore th 
supernatural creative act, which w.as 
demanded as the origin of the animals 
and plantt? by the dominant creed, must 
have been repeated several times. In 
this way a whole series of different 
creative periods must have .succeeded 
each other ; and in connection with these 
he had to assume that stupendous revoHI- 


tions or cataclysms—something like the 
legendary deluge—must have taken place 
re^atedly.' Cuvier was all the more 
interested in these catastrophes or cata¬ 
clysms as geology was just beginning to 
assert itself and great progress was being 
made in our knowledge of the structure 
.and formation of the earth’s crust. The 
various strata of the crust were being 
carefully examined, especially by the 
famous geologist Werner and his school, 
.and the fossils found in them were being 
classified; and these researches also 
seemed to point to a variety of creative 
period.s. In each period the earth’s crust, 
composed of the various strata, seemed to 
be differently constituted, just like the 
population of .animals .and plants that 
then lived on it. Cuvier combined this 
notion with the results of his own paleon¬ 
tological and zoological re.search ; and-in 
his effort to get a consistent view of the 
whole process of the earth’s history he 
came to form the theory which is known 
as “the catastrophic theory,” or the 
theory of terrestrial revolutions. Accord¬ 
ing to this theory, there have been .a 
series of mighty cataclysms on the earth, 
.and these have suddenly destroyed the 
whole animal .and pl.ant population then 
living on it ; after e.ach cataclysm there 
was a fresh creation of living things 
throughout the earth. As this creation 
could not be expl.ained by natural laws, it 
was necessary to appeal to an interven¬ 
tion on the part of the Creator. This 
catastrophic theory, which Cuvier des¬ 
cribed in a special work, was soon 
generally accepted, and retained its posi¬ 
tion in biology for half a century. 

However, Cuvier’s theory was com¬ 
pletely overthrown sixty years ago by the 
geologists, led by Ch.arles Lyell, the most 
distinguished worker in this field of 
.science. Lyell proved in his famous 
Principles of Geolof^y (1830) that the 
theory was false, in so far as it concerned 
the crust of the earth ; that it was totally 
unnecessary , to bring in supernatural 
agencies or gener.'il catastrophes in order 
to explain the structure and formation of 
the mountains ; and that we can explain 
them by the familiar agencies which are 
at work to-day in altering and recon¬ 
structing the surface of the earth. These 
causes are-—the action of the atmosphere 
and water in its various forms (snow, ice, 
fog, niin, the wear of the river, and the 
stormy ocean), and the volcanic action 
which is exerted by the molten central 
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mass. Lyell convincingly proved that 
these natural causes are quite adequate to 
explain every feature in the biuild and 
fomialion of the crust. Hence Cuvier’s 
theory of cataclysms was very soon driven 
out of the province of geology, though it 
remained for another thirty years in un¬ 
disputed authority in biology. All the 
zoologists and botanists who gave any 
thought to the question of the origin of 
organisms adhered to Cuvier’s erroneous 
idea of revolutions and new creations. 

In order to illustrate .the complete stag¬ 
nancy of biology from 1830 to 1859 on 
the question of the origin of the various 
species of animals and plants, T may say, 
from my own experience, that during the 
whole of my university studies 1 never 
heard a single word said about this most 
important problem of the science. I was 
fortunate enough at that time (1852-1S57) 
to have the most distinguished masters 
for every branch of biological science. 
Not one oT them ever mentioned this 
question of the origin of species. Not a 
word was ever said about the earlier 
efforts to understand the formation of 
living things, nor about Lamarck’s Philo¬ 
sophic Zoologique which had made a fresh 
attack on the problem in i8og. Hence it 
is easy to understand the enormous oppo¬ 
sition that Darwin encountered when he 
took up the question, for the first time. 
His views seemed to float in the air, with¬ 
out a single previous effort to support 
them. The whole question of the forma¬ 
tion of living things was considered by 
biologists, until 1859, as pertaining to the 
province of religion and transcendentalism; 
even in speculative philosophy, in which 
the question had been approached from 
various sides, no one had ventured to give 
it serious treatment. This was due to the 
dualistic system of Immanuel Kant, who 
taught a natural system of evolution as 
far as the inorganic world was concerned ; 
but, on the whole, adopted a super¬ 
naturalist system as regards the origin of 
living things. He even went so far as to 
say : “ It is quite certain that we cannot 
even satisfactorily understand, much less 
explain, the nature of an organism and its 
internal forces on purely mechanical prin¬ 
ciples ; it is so certain, indeed, that we 
may confidently say; ‘ It is absurd for a 
man to imagine even that some day a 
Newton will arise who'will explain the 
origin of a single blade of grass by natural 
laws not controlled by design ’—such a 
hope is entirely forbidden us.” In these 


words Kant definitely adopts the dunlisttc_ 
and teleological point of view for biological 
science. 

Nevertheless, Kant deserted this point 
of view at times, particularly in .several 
remarkable passages which 1 have dealt 
with at length in my Natnral History 
of Creation (chap, v.), where he expresses 
himself in the opposite, or monistic, sense. 
In fact, these passages would justify one, 
as 1 showed, in claiming his support for 
the theory of evolution. However, these 
monistic passages are only stray gleams 
of light ; as a rule, Kant adheres in 
biology to the oKscure dualistic ideas, 
according to which the forces at work in 
inorganic nature are quite different from 
those of the organic world. This dualistic, 
system prevails in academic philosophy 
to-day—most of our philo.sophcrs still 
regarding these two provinces as totally 
distinct. They put, on the one side, the 
inorganic or “lifeless” world, in which 
there are at work only mechanical laws, 
acting necessarily and without design; 
and, on the other, the province of organic 
nature, in which none of the 'phenomena 
c;in be properly understood, cither as 
regards their inner nature or their origin, 
except in the light of preconceived design, 
carried out by final or purposive causes. 

The prevalence of this unfortunate 
dualistic prejudice prevented the problem 
of the origin of species, and the connected 
question of the origin of man, from being 
regarded by the bulk of people as a 
scientific question at all until 1859. Never¬ 
theless, a few distinguished students, free 
from the current prejudice, began, at the 
commencement of the nineteenth century, 
to make a serious attack on the problem. 
The merit of this attaches particularly to 
what is known as “the older school of 
natural philosophy,” which has been so 
much misrepresented, and which included 
Jean Lamarck, Buffbn, Geoffiroy St. 
Hilaire, and Blainville in France ; Wolf¬ 
gang Goethe, Reinhold Treviranus, Schel- 
ling, and Lorentz Oken in Germany [and 
Erasmus Darwin in England-]. 

The gifted natural philosopher who 
treated this difficult question with the 
greatest sagacity and comprehensiveness 
was Jean Lamarck. He was born at 
Bazentin, in Picardy, on August ist, 
1744; he was the son of a clergymanj 
and was destined for the Church. But he 
turned to seek glory in the army, and 
eventually devoted himself to science. 

His Philosophie Zoologique was the 
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first scientific attempt to sketch the real 
course of the origin of species, tho first 
“natural history of creation ” of plants, 
animals, and men. But, as in the case of 
WollFs book, this remarkably able work 
had no influence whatever ; neither one 
nor the other ctrul^l obtain any recognition 
from their prejudiced contemporaries. No 
man of science was stimulated to take an 
interest in the work, and to develop the 
germs it contained of the most im¬ 
portant biological truths. The most 
distinguished botanists and zoologists 
entirely rejected it, and did not even 
deign to reply to it. Cuvier, who lived 
and worked in the same city, has not 
thouglit fit to devote a single syllable tt) 
this <;reat achievement in his memoir on 
progress in the .sciences, in which the 
pettiest observations found a place. In 
short, Lam.'irck’s JPhilosophic Zooloji^i<juc 
sliaied the fate of WoMT’s theory of develop¬ 
ment, and was for half a century ignored 
and neglected. The German .scientists, 
especially <.)ken and Goethe, who were 
occupied with similar speculatitms at the 
s.iiiie time, seem to have known nothing 
about Lam.lick’s work. If they had 
known it, the\ would h.ue been gre.ifly 
helped by it, and might h.ive carried the 
theory of evolution much farther than they 
found it possible to do. 

To give an idea of the great impoii.ance 
of {\n.' Philosophic Zooloji^i<]m\ 1 will brieflj’ 
explain Lam.-uck’s leading thought. He 
held that there w.as no es.sential diflerence 
between livingand lifeless beings. Nature 
is one united and connected .system of 
phenomena ; and the forces which fashion 
the lifeless bodies are the only ones at 
work in the kingdom of living things. 
We have, therefore, to use the same 
method of investigation and explanation 
in both provinces. Life is only ;i physical 
phenomenon. All the plants and animals, 
with man at their head, .are to be explained, 
in structure and life, by mechanical or 
efiicient causes, without any appeal to 
final causes, just .as in the case of minerals 
and other inorganic bodies. This applies 
equally to the origin of the various species. 
We must not assume any original crea¬ 
tion, or repeated creations (as in Cuvier’s 
theory), to explain this, but a natural, 
continuous,.and necessary evolution. The 
whole evolutionary process has been un¬ 
interrupted. All the different kinds of 
animals and plants which we see to-day, 
or that have ever lived, have descended in 
a natunal way from earlier and different 


species; all come from one common 
stock, or from a few common ancestors. 
These remote ancestors must have been 
quite simple organisms of the lowest 
type, arising by spontaneous generation 
from inorganic matter. The succeeding 
species have been constantly modified by 
adaptation to their varying environment 
(especially by u.se and habit), and have 
tr.ansmittcd their modifications to their 
successors by heredity. 

Lamarck was the first to formulate as 
a scientific theory the natural origin of 
living things, including man, and to push 
the theory to its extreme conclusions -the 
ri.se of the earliest organi.snis by spon- 
t.aneous generation (or abiogenesis) and 
the descent of man from the nearest related 
mamm.al, the ape. He sought to explain 
this last point, w'hich is of especial interest 
to us here, b}' the .same agencies which he 
found .'it work in the natural origin of the 
plant and animal species. He considered 
use and habit (adaptation) on the one 
hand, and hereditv on the other, to be the 
chief of these igencies. 'I'he most impor¬ 
tant modifications of the organs of plants 
and animals are due, in his opinion, to 
the function of these very org.ins, or to 
the use or disuse of them. I'o give a 
few' examples, the woodpecker and the 
humming-bird have got their peculiarly 
long tongues from the habit of extracting 
their food with their tongues from deep 
and narrow folds or canals ; the frog has 
developed the web between his toes by his 
own swimming ; the giraffe has lengthened 
his neck by stretching up to the higher 
br.inclies of tree.s, and so on. It is quite 
certain that this use or disuse of organs is 
a most important factor in organic develop¬ 
ment, but it is not sufficient to explain the 
origin of species. 

To adaptation we must add heredity as 
the second and not less important agency, 
as Lamarck perfectly recognised. He 
said that the modification of the organs 
in any one individual by use or disuse was 
slight, but that it was incrc.'ised by accu- 
muhation in passing by heredity from 
generation to generation. But he mis.sed 
altogether the principle which Darwin 
afterwards found to be the chief factor in 
the theory of transformation—namely, 
the principle of natural selection in the 
struggle for existence. It was partly 
owing to his failure to detect this 
supremely important element, and partly 
to the poor condition of all biological 
science at the time, that Larnarck did not 
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succeed in establishing more firmly his 
theory of the common descent of man and 
the otlier animals. 

Independently of Lamarck, the older 
German school of natural philosophy, 
especially Reinhold Trcviranus, in his 
Bioh^'e (1802), and Lorentz Okcn, in his 
Naturphilosofhie (iSoq), turned its atten¬ 
tion to the problem of evolution about the 
end of the cightc*.'nth and beginning of 
the nineteenth century. I have described 
its work in my History of Creatum (chap. ' 
iv.). Here I can only deal with the ! 
brilliant genius whose evolutionary ideas ' 
are of special interest- the greatest of 
German poets, Wolfgang Goethe. With 
his keen C3'e for the beauties of nature, 
and his profound insight into its life, 
Goethe was early attracted to the study 
of various natural .sciences. It was the 
favourite occupation of his leisure hours 
throughout life. He g.ave particular and 
protracted attention^ to the theory of 
colours. But the most valuable of his 
scientific studies are tho.se which relate 
to that “ living, glorious, precious thing," 
theorgani.sin. He made profound research 
into the science of structures or morpho¬ 
logy (morplia- ^ forms). Here, with the 
aid of comparative anatomy, he obtained 
the most brilli.int results, and went far in 
advance of his time. 1 may mention, in 
particul.'ir, his vertebral theory of the 
skull, his di.scovery of the pineal gl.ind in 
man, his system of the metamorphosis of 
plants, etc. These morphological studies 
led Goethe on to research into the forma¬ 
tion and modification of oi gfanlc structures 
which we must count as the first germ of 
the science of evolution. He approaches 
so near to the theory of descent that we 
must regard him, after Lamarck, as one 
of its earliest founders. It is true that he 
never formulated a complete scientific 
theorv of evolution, but we find a number 
of remarkable suggestions of it in his 
splendid miscellaneous essays on morpho¬ 
logy. Some of them are really among 
the very basic ideas of tbe science of 
evolution. He says, for instance {1807): 
“ When w'C compare plants and animals 
in their most rudimentary forms, it is 
almost impossible to distinguish oetween 


them. But vve may say that the plants 
and animals, beginning with an almost 
inseparable closeness, gradually advance 
along two divergent lines, until the plant 
at last grows in the .solid, enduring tree 
and the animal attains in man to the 
highest degree of mobility and freedom.” 
That Goethe was not merely speaking in 
a poetical, but in a litejal genealogical, 
sense of this close affinity of organic forms 
is clear from other remarkable passages 
in which he treats of their variety in out¬ 
ward form and unit) in internal structure. 
He believes that every living thing has 
arisen by tbe interaction of two opposing 
formative forces or impulses. The inter¬ 
nal or “centripetal” force, the type or 
“impulse to .specification,” .seeks to 
maintain the constancy of the specific 
forms in the succession of generations : 
this is heredity. The external or “centri¬ 
fugal ” force, the clement of vari.ation 
or “ impulse to metamorphosis,” is ci>n- 
tinually modif) ing the species by changing 
their environment: this is adaptation. In 
these significant conceptions Goethe 
approaches very close to a recognition 
of the two great mechanical factors which 
we now assign as the chief causes of the 
formation of species. 

1 fowever, in i>rder to appreciate Goethe’s 
views on morphology, one must associate 
his decidedly monistic conception of nature 
with his pantheistic philosophy. The 
warm and keen interest with which he 
followed, in his last years, the controver¬ 
sies of contemporary KrePch scientists, 
and especially the struggle between 
Cuvier and GeofTroy St. Hilaire (see 
chap. iv. of The History of Creation), is 
very characteristic. It is .also necessary 
to be familiar with his style and general 
tenour of thought in order to appreciate 
rightly the many allusions to evolution 
found in his writings. Otherwise, one is 
apt to make serious errors. 

He approached so close, .at the end of 
the eighteenth century, to (he principles 
of the science of evolution th.at he may 
well be described as the first forerunner of 
Darwin, although he did not go so far .as 
to formulate evolution .as a scientific 
system, as Lamarck did. 
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Chapter V. 

THE MODERN SCIEN^CE OF EVOLUTION 


We owe so much of the progress of 
scientific knowledge to Darwin’s Orison 
of Species that its influence is almost 
without parallel in the history of science. 
The literature of Darwinism grows from 
day to day, not only on the side of aca¬ 
demic zoology and botany, the sciences 
which were chiefly affected by Darwin’s 
theory, hut in a far wider circle, so that 
we find Darwinism discussed in popular 
literature with a vigour and zest that are 
given to no other scientific conception. 
This remarkable success is due chiefly to 
two circumstances. In the first place, all 
the sciences, and especially biology, have 
made astounding progress in the last half- 
century, and have furnished a yery vast 
quantity of proofs of the theory of evolu¬ 
tion. In striking contrast to the failure 
of Lamarck and the older .scientists to 
attract attention to their effort to explain 
the origin of living things and of man, we 
ha\ e this second and successful effort of 
Darwin, which was able to gather to its 
support a large number of established 
facts. Availing himself of the progress 
already made, he had very different scien¬ 
tific proofs to allege than Lamarck, or ,St. 
Hilaire, or Goethe, or Treviranus had had. 
But, in the second place, we must acknow¬ 
ledge that Darwin had the special distinc¬ 
tion of approaching the subject from an 
entirely new side, and of basing the theory 
of descent on a consistent system, which 
now goes by the name of Darwinism. 

Lamarck had unsuccessfully attempted 
to explain the modification of organisms 
that descend from a common form chiefly 
by the action of habit and the u.se of 
organs, though with the aid of heredity. 
But Darwin’s success'A\'as complete when 
he Independently sought to give a 
mechi'inical explanation, on a quite new 
ground, of this modification of plant and 
animal structures by adaptation and 
heredity. He was impelled to his theory 
of selection on the following grounds. 
He compared the origin of the various 
kinds of animals and plants which we 
modify artificially — by the action of 


artificial selection in horticulture and 
among domestic animals— with tfie origin 
of the species of animals and plants in 
their natural state. He tl^ln found that 
the agencies which we employ in the 
modification of forms by artificial .selection 
are also at work in Nature. The chief of 
these agencies he held to be “ the struggle 
for life.” The gist of this peculiarly 
Darwinian Idea is given in this formula ; 
The struggle for existence produces new 
species without premeditated design in 
the life of Nature, in the same way that 
the will of man consciously .selects new 
races in artificial conditions. The gardener 
or the farmer selects new forms as he wills ' 
for his own profit, by ingeniously using 
the agency of heredity and adaptation for 
the modification of structures ; so, in the 
natural state, the struggle for life is always 
uncon.sciously modifying the various 
species of living things. This struggle 
for life, or competition of organisms in 
sfccuring the means of subsistence, acts 
without any con.scious design, but it i.s 
none the less effective in modifying struc¬ 
tures. As heredity and adaptation enter 
into the closest reciprocal action under 
its influence, new .structures, or alterations 
of structure, are produced; and the.se 
arc purposive in the sense that they serve 
the organism when formed, but they 
were produced without any pre-conceived 
aim. 

This simple idea is the central thought 
of Darwinism, or the theory of selection. 
Darwin conceived this idea at an early 
date, and then, for more than twenty 
years, worked at the collection of empirical 
evidence in support of it before he published 
his thepry. His grandfather, Erasmus 
Darwin, was an able scientist of the older 
school of natural philosophy, who pub¬ 
lished a number of natural-philosophic 
works about the end of the eighteenth 
century. THe most important of them is 
his Zoonomia, publisheu in 1794, in which 
he expounds views similar to those of. 
Goethe and Larrihrck, without really 
knowing anything of the work of these 
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contemporaries. Ho^wever, in the writings 
of the ^afldfather the plastic imagination 
rather outran^ the judgment, while in 
Charles Darwin the two were better 
balanced. 

Darwin did not publish any account of 
his theory until 1858, when Alfred Russel 
Wallace, who had independently reached 
the same theory of selection, published his 
own work. In the following year appeared 
the Origi^ of Species, in which he developes 
it at length and supports It with a mass 
of proof. W^lace had reached the same 
conclusion, but he had not so clear a per¬ 
ception as Darwin of the effectiveness of 
natural selection in forming species, and 
did not develop the theory so fully. 
Nevertheless, Wallace’s writings, espe¬ 
cially those on mimicry, etc., and an 
admirable work on The Oeographical 
Distribution of Animals, contain many 
fine original contributions to the theory 
of selection. Unfortunately, this gifted 
scientist has since devoted himself to 
spiritism,* 

Darwin’s Origin of Species had an 
extraordinary influence, though not at 
first on the experts of the science. It 
took zook^gists and botanists several years 
to recover from the astonishment into 
which they had been thrown through the 
revolutionary idea of the work. But its 
influence on the special sciences with 
which we zoologists ;ind botanists are 
concerned has increased from yc.'ir to 
year; it has introduced .a most healthy 
fermentation in every branch of biology, 
especi.ally in comparative anatomy and 
ontogeny, and in zoological and botanical 
classification. In this way it has brought 
about almost a revolution in the prevailing 
views. 

However, the point which chiefly con¬ 
cerns us here—-the extension of the theory 
to man—was not touched at all in 
Darwin’s first w'ork in 1859. It was 
believed for several years that he had no 
thought of applying his principles to 
man, but that he shared the current idea 
of man holding a special position in the 
universe. Not only ignorant daymen 
(especially several theologig.n.s), but also 
a number of men of science, said very 
naively that Darwinism in itself was not 
to be opposed ; that it was quite right to 
use it to explain the origin of the various 

§ 

* Darwin and Wallace ardved at the theory quite 
mdepeodently. Vide Wallace's Cotdrihtdums to the 
Thmny of Natural Selection {1870) and Darwinietn 
(1891). 


species of plants and animals, but that it 
Vas totally inapplicable to man. 

In the meantime, however, it seemed 
to a good many thoughtful people, laymen 
as well as scienti.sts, that this was wrong ; 
lliat the de.scent of man from some other 
animal species, and immediately from 
some ape-like mammal, followed logically 
and necessarily from Darwin’s reformed 
theory of evolution. Many of the acuter 
opponents c)f the theory saw at once the 
justice of this position, and, as this con¬ 
sequence was intolerable, they wanted to 
get rid of the whole theory. 

The first scientific application of the 
Darwinian theory to man was made by 
Huxle3^ the greatest zoologist in England. 
This able and learned scientist, to whom 
zoology owes much of its progress, pub- 
li.shed in 1863 a small work entitled 
Evidence as to Man's J*lacc in Nature. 
In the extremeij'imporlant and interesting 
lectures which made up this work he 
proved clearly that the descent of man 
from the ape followed necessarily from 
the theory of descent. If that theory i.s 
true, we are bound to conceive the animals 
which most closely resemble man as those 
from which humanity has been gradually 
evolved. About the same time Carl Vogt 
published a larger work on the same 
subject. We must also mention Gustav 
Jaeger and Friedrich Rolle among the 
zoologists who accepted and taught the 
theory t>f evolution Immediately after the 
publication of Darwin’s book, and main¬ 
tained that the descent of man from the 
lower animals logically followed from it. 
The latter publi.shed, in i8b0, a work on 
the origin and position of man. 

About the same time I attempted, in 
the second volume of my General Mor- 
phology (1866), to apply the theory of 
evolution to the whole organic kingdom, 
including man.* 1 endeavoured to sketch 
the probable ancestral trees of the various 
classes of the animal world, the protists, 
and the plants, as it seemed neces.sary to 
do on Darwinian principles, and as we 
can actually do now with a high degree 
of confidence. If the theory of descent, 
which Lamarck first clearly formulated 
and Darwin thoroughly established, is 
true, we should be able to draw up a 
natural classification of plants and animals 
In the light of their genealogy, and to 
conceive the large and small divisions of 

* Huxley spoke of this “ as one of the greatest scien¬ 
tific works ever published.”—T rans. 
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the system as the branches and twigs of 
an ancestral tree. The eight genealo¬ 
gical tables which 1 inserted in the second 
volume of the Ccncral Morphohf^y are 
the first sketches of their kind. In the 
tw'enty-seventh chapter, particularly, I 
trace the chief stages in man’s ancestry, 
as far as it is possible to follow it through 
the vertebrate stem. J tried especially to 
determine, as well as one could at that 
time, the position ol man in the classiti- 
cation of the m.unmals and its genealo¬ 
gical significance. J have greatlyimproved 
this attempt, and treated it in a more 
pi>pnlar form, in chaps, xxvi. xxviii. of 
my Ilisiory of ('reation (iShS).' 

It was not until 1S71, twelve years after 
the appearance of The Orij^ni of Spedes, 
that Darwin published the famous work 
which m.ide the miuh-contested .applica¬ 
tion of his theory to man, and crowned 
the splendid structure of his system. 
This important work was J'he Deseent oj 
Alan, and Seleelion in Relation t> Sex, 
In this Darwin expressly drew the conclu¬ 
sion, with rigorous logic, Ih.at man also 
must h.ive been developed out of lower 
species, and described the important part 
played by sexual selection in the elevation 
of ntan and the other higher animals. He 
.showed that the careful selection which 
the sexes e.xercise on e.ich other in regard 
to sexual relations and procieation, and 
the .'esthetic feeling which the higher 
animals develop through this, are of the 
utmost impoit.ince in the progressive 
development of forms ;ind the dilTerenti.i- 
tion of the .sexes. The males choosing 
the h.'indsomest fem.'iles in one class t)l' 
anim.'ils, jmd the females choosing only 
the linest-lookitig m.des in another, the 
special features ;ind the se.xual ch.-ir.'icter- 
i.stics are increjisingl}’ accentuated. In 
fact, some of the higher animals develop 
in this connection a liner taste and judg¬ 
ment than man himself. But, even as 
regards man, it is to this sexual selection 
that we owe the family-life, which is the 
chief foundation of civilisation. The rise 
of the human race is due for the mo.st 
pjirt to the advanced sexual selection 
which our ancestors exercised in choosing 
their mates. 

Darwin accepted in the in.aiii the general 
outlines of man’s ancestral tree, as I gave 
it in the' frV’wcnr/ Aforpholo^y and the 
History of Creation, and admitted that his 

• Of wtiich Darwin said tluat the IJesteni of Man 
would prohabl)' never have been written if he had seen 
it earlier.— Trans. 


studies led him to the same CQncliision. 
That he did not at once apply the theory 
to man in his first work was a commend- 
.able piece of discretion ; such a sequel 
was bound to excite the strongest op}X)si- 
tion to the whole theory. The first thing 
to do was to establish it ;ts regards the 
animal and plant worlds. The subse¬ 
quent extension to man was bound to be 
made .sooner or Liter. 

It is important to understand this very 
clearly. If ail living things come from a 
common root, man must be included in 
the general scheme of evoldtion. On the 
other hand, if the various species were 
sep;ir;itely created, m.in, too, must h.ive 
been created, :ind not evolved. We have 
to choo.se between the.se two alternatives. 
'J’his c.annot be too frequently or too 
strongly emphasised. Either all ‘the 
species of animals and pl.mts areof super- 
n.itural origin—cre.ited, not evolved - and 
in that c.'ise man also is the outcome of a 
creative act, as religion to.iches ; or the 
dilTercnt species h.'ive been evolved from a 
few common, simple ance.str.il forms, and 
in that case man is the highest fruit of 
the tree of evolution. 

We may state this briefly in the follow¬ 
ing principle : The deseent of man fmtn 
the hnoer animals is a spec ini deduetion 
it'hieh inevitably folhnvs from the t^eneral 
inductive law 0/ the whole theory of evolu¬ 
tion. In this principle v\'e have a clear 
and plain statement c»f the matter. Evo¬ 
lution is in re.ility nothing but a great 
inductii>n, which we are compelled to 
m.'ike by the comparative study of the 
most important facts of morphology and 
physiology. But we must dr.iw our con¬ 
clusion according to the laws of induc¬ 
tion, .'ind not attempt to determine 
.scientific truths by direct measurement 
.'ind mathematical calculation. In the 
study of living things we can scarcely 
ever directly .ind fully, and with mathe- 
rn.a(ical accuracy, determine the nature of 
phenomena, as is done in the simpler 
study of the inorg.'inic world —inchemistry, 
physics, mineralogy, and astronomy. In 
the latter, especially, we can always u.se 
the simplest and absolutely safest method 
- that of mathematical determination. 
But in biology this is quite impossible for 
various reasons ; one very obvious reason 
being that most of the facts of the science 
.arc very complicated and much too intri¬ 
cate to allow a direct mathematical 
analy.sis. The greater part of the pheno¬ 
mena that biology deals with are 
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complicated historical processes, which are 
related to a far-reaching past, and as a 
rule can only be approximately esiimated. 
Hence we have to proceed by induction — 
that is to say, to draw {rencral conclusions, 
stage by stage, and with proportioiiiile 
confidence, from the accumulation of 
detailed observations. These inductive 
conclusions cannot command absolute 
confidence, like mathematical axioms ; 
but they approach tiie truth, and f>ain 
increasing probability, in proportion .is 
wc extend the basis of observed facts on 
which we .build. The importance of 
these inductive laws is not diminished 
from the circumstance that they are 
looked upon merely as temponiry .'U'i]uisi- 
tioiis of science, :ind may be improved to 
:iny extent in the progress of scientific 
laiowledge. The same may be said of 
the attainments of many other sciences, 
such as geolog)- or archeology. However 
much they ni.ay be altered and improved 
in detail in the course of time, these 
inductive truths may letain their siib- 
■st.anco unch.uiged. 

Now, when we s;iy th.it the theory of 
evolution in the sense of Lamarck and 
D;mvin is .'in inductive l.'iw---in fact, the j 
greatest of all hiologic.il inductions - we 
rely, in the first phice, on the facts of 
paleontology. This science gives us some 
direct acquaint.ance with tlie historical 
phenomena of the changes of species. 
From the situations in which we find the 
fossils in the various strata of the earth 
we gather confidentl}', in the first place, 
f that the living population of the earth has 
been gr.idually develi>ped, as clearly as 
the earth’s crust it.self; and that, in the 
second place, several dilTerent populations 
have succeeded each other in the various 
geological periods. Modern geology 
teaches that the formation of the earth 
has been gnidual, and unhroken by any 
violent revolutions. And when wc com¬ 
pare together the y^'irious kinds of animals 
and pl.'ints which succeed each other in 
the history of our planet, w'e find, in 
the first place, :i constant and gr.adual 
increase in the number of species from 
the earliest times until the present day ; 
and, in the second place, we notice that 
the forms in each great group of animals 
and plants al.so constantly improve as the 
ages advance. Thus, of the vertebrates 
there are at first only the lower fishes ; 
then come the higher fishes, and later the 
amphibia. Still later appear thte three 
higher classes of vertebrates—the reptiles, 


birds, and mammals, for the first lime; 
only the lowest and least perfect forms of 
the mammals are found at first; and it is 
only at a very late period that placental 
mammals appear, and man belongs to the 
latest and youngest branch of these. 
Thus perfection of form increases as well 
as variety from the earliest to the latest 
stage. That is a fact of the greatest 
importance. It can only be explained by 
the theory of evolution, with which it is 
in perfect harmony. If the difl'erent 
groups of plants and animals do really 
descend from each other, wc must expect 
to find this increase in their number and 
perfection under the influence of natunil 
selection, just as the succession of fossils 
actually discloses it to us. 

Comp.irative anatomy fiirnishesa.second 
series of facts which are of great impor¬ 
tance for the forming of our induct ive law. 
This branch of morphology compares the. 
adult structures of living things, and .seeks 
in the great variety of organic forms the 
stable and simple law of organisation, or 
the common type or structure. Since 
Cuvier founded this .science at the begin¬ 
ning of the nineteenth century it has been 
,'i favourite study of the most distingui.shed 
scientists. Fven before Cuvier’s time 
Goethe had been greatly stimulated by it, 
•and induced to t.ake up the study of mor¬ 
phology. Comparative osteology, or the 
philosophic study and comp.arison of the 
bony skeleton of the vertebrates— one ol 
its most interesting sections especially 
fascinated him, and led him to form the 
theory of the skull which I mentioned 
before. Comparative anatomy shows that 
the internal structure of the animals of 
each stem .'ind the plants of each class 
is the same in its essential features, how¬ 
ever much they difl'er in external appear¬ 
ance. Thus man has so great a resem¬ 
blance in the chief features of his internal 
organisation to the other mammals that 
no comparative anatomist has ever 
doubted that he belongs to this class. 
The whole internal structure of the human 
body, the arrangement of its various 
systems of organs, the distribution of the 
bones, mu.scles, blood-vessels, etc., and 
the whole structure of these organs in the 
larger and the.finer scale, agree so closely 
with those of the other mammals 
as the apes, rodents, ungulates, cetacea, 
marsupials, etc.) that their, external dif¬ 
ferences are of no account whatever. We 
learn further from comparative anatomy 
that the chief features of animal structure 
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are so similar in the various classes (fifty 
to Mxty in number altogether) that they 
may all be comprised in from eight to 
^elve great groups. But even in these 
groups, the stem-forms or animal types, 
dertain organs (especially the alimentary 
canal) can be proved to have been origi¬ 
nally the same for all. We can only 
explain by the theory of evolution this 
essential unity in internal structure of all 
these animal forms that differ so much in 
outward appearance. This wonderful 
fact can only be really understood and 
explained when we regard the internal 
resemblance as an inheritance from 
common-stem forms, and the external 
differences as the effect of adaptation to 
different environments. 

In recognising this, comparative ana¬ 
tomy lias itself advanced to a higher stage. 
Gegehbaur, the most distinguished of 
recent students of this science, says that 
with the theory of evolution a new period 
began in comparative anatomy, and that 
the theory in turn fpund a touchstone in 
the science. “ Up to now there is no fact 
in comparative anatomy that is inconsis¬ 
tent with the theory of evolution ; indeed, 
they all lead to it. In this way the theory 
receives back from the science all the 
.service it rendered to its method.” Until 
then students had marvelled at the won¬ 
derful resemblance of living things in their 
inner structure withp***'. being able to 
explain it. We are n%»:'in a position to 
explain the causes off this, by showing 
that this remiirkable agreement is the 
necessary consequence of the inheriting of 
common stem-forms; while the striking 
difference in outward appearance is a 
result of adaptation to changes of environ¬ 
ment. Heredity and adaptation alone 
furnish the true explanation. 

But one special part of comparative 
anatomy is of supreme interest and of the 
utmost philosophic importance in this 
connection. This is the science of rudi¬ 
mentary or useless organs ; I have given 
it the name of “ dysteleology ” in view 
ot its philosophic consequences. Nearly 
every organism (apart from the very 
lowest), and especially every highly- 
developed animal or plant, including man, 
has one or more organs which are of no 
use to the body itself, and have no share 
in its functions or vital aims. Thus we 
all have, in various parts of our frame, 
muscles which we never use, as, for 
instance, in the shell of the ear and 
adjoining parts. 1 n most of the mammals. 


especially those with pointed ears, thede 
internal and external ear-muscles are of 
great service in altering the shell of the 
ear, so as to catch the waves of sound as 
much as possible. But in the c^se of 
man and other short-eared mammals' 
these muscles are useless, though they 
are still present. Our ancestors having 
long abandoned the use of them, we 
cannot work them at all to-day. In the 
inner corner of the eye we have a small 
crescent-shaped fold of s^in ; this is the 
last relic of a third inner eye-lid, c,alled 
the nictitating (winking) membrane. This 
membrane is highly developed arid of 
great service in some of our distant 
relations, such as fishes of the shark type 
and several other vertebrates ; in us it is 
shrunken and useless. In the intestines 
we have a process that is not only quite 
useless, but may be very harmful—the 
vermiform appendage. This small intes¬ 
tinal appendage is often the cause of a 
fatal illness. If a cherry-stone or other 
hard body is unfortunately squeezed 
through its narrow aperture during diges¬ 
tion, a violent inflammation is set up, and 
often proves fatal. This appendix has no 
use whatever now in our frame ; it is a 
dangerous relic of an organ that was 
much larger and was of great service in 
our vegetarian ancestors. It is still 
large and important in many vegetarian 
animals, such as apes and rodents. 

There are similar rudimentary organs 
in all parts of our body, and in all the 
higher animals. They are among the 
most interesting phenomena to which 
comparative anatomy introduces us ; 
partly because they furnish one of the 
clearest proofs of evolution, and partly 
because they most strikingly refute the 
teleology of certain philosophers. The 
theory of evolution enables us to give a very 
simple explanation of these phenomena. 

We have to look on them as organs 
which have fallen into disuse in the course 
of many generations. With the decrease 
in the use of its function, the organ itself 
shrivels up gradually, and finally dis¬ 
appears. There is no other way of 
explaining rudimentary organs. Hence 
they dre also of great interest in philo¬ 
sophy ; they show clearly that the 
monistic or mechanical view of the orga¬ 
nism is the only correct one, and that thfc 
dualistic or teleological conception is 
wrong. The ancient legend of the direct 
creation of man according to a pre-coa- 
ceived plan and the empty phrases about 
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Vtlesjgn ” in the organism are completely 
Mattered by them. It would be difficult 
to conceive a more thorough refutation of 
teleology than^ is furnished by the fact 
that all the higher animals have these 
rudimentary organs. 

The theory of evolution finds its bro®,dest 
inductive foundation in the natural classi¬ 
fication of living things, which arranges 
all the various forms in larger^ and 
smaller groups, according to their degree 
of affinity. These groupings or cate¬ 
gories of cla^ificatifflK— the varieties, 
species, genera, familiesr*orders, classes, 
etc,--show such constant features of co¬ 
ordination and subordination that we arc 
bodnd to look on them as f^enealof^ical, 
and represent the whole system in the 
form of a branching tree. This is the 
genealogical tree of the variously related 
groups; their, likeness in form is the 
expression of a re.al affinity. As it is 
impossible to explain in any other way 
the natural tree-like form of the system of 
organisms, we must regard it at once as 
a weighty proof of the truth of evolution. 
The careful construction of these genea¬ 
logical trees is, therefore, not an amuse¬ 
ment, but the chief task of modern 
classification. 

Among the chief phenomena that bear 
witness'to the inductive law of evolution 
we liave the geographical distribution of 
the various species of animals .and pl.ants 
over the surface of the earth, and their 
topographical distribution on the summits 
of mountains and in the depths of the 
ocean. The scientific study of these fea¬ 
tures—the “science of distribution,” or 
chorology {chora a place)—h.as been 
pursued with lively interest since the dis¬ 
coveries made by Alexander von Hum¬ 
boldt. Until Darwin’s time the work was 
confined to the determination of the facts 
of the science, and chiefly .aimed at 
settling the spheres of distribution of the 
existing large and small groups of living 
things. It was impossible .at that time 
to explain the causes of this remarkable 
distribution, or the reasbns why one 
group is found only in one locality and 
another in a different place, and why 
there is this manifold distribution at all. 
Here, again, the theory of evolution has 
given us the solution of the problem. It 
hirnishes the only possible explanation 
when it teaches that the various species 
and groups of species descend from 
common stem-forms, whose ever-branch¬ 
ing offspring have gradually spread 


themselves by migration over tl\e earth. 
For each group of spemes we m-ust admit 
a “centre of production,” or common, 
home ; this is the original habitat in 
which the ancestral form w.as developed# - 
find from which its dcscend.ants spread 
out in every direction. Several of these 
descendants became in their turn the 
stem-forms for new' groups of species, 
.and these also scfittered themselves by 
active and passive migration, .and so on. 
As each migrating organism found .a dif¬ 
ferent environment in its new home, .and 
adapted itself to it, it w.as modified, and 
gave rise to new' fornis. 

Tliis very important branch of science 
that deals with active and passive migna- 
tion w'as founded by Darwin, W'ith the 
.aid of the theory of evolution ; and at the 
same time he .advanced the true explana¬ 
tion of the remarkable rel.ation or simi¬ 
larity of the living population in any 
locality to the fossil forms found in it. 
Moritz Wagner very ably developed his 
idea under the title of ‘‘ the theory of 
migration.” In my opinion, this famous 
traveller has r.alher ovcr-estim.ated the 
value of his theory of migration when he 
takes it to be an indis|x;nsablc condition 
of the form.ation of new species and 
opposes the theory of selection. The two 
theories .are not opposed in their main 
features. Migration (by which the stem- 
form of a new species is isol.ated) is really 
only a special "Itee of selection. The 
striking .and interesting facts of chorology 
can be explained only by the theory of 
evolution, and therefore we must count 
them .among the most important of its 
inductive bases. 

The same must be s.aid of .all the 
remarkfible phenomena which we perceive 
in the economy of the living organism. 
The many and various relations of plants 
and animals to each other and to their 
environment, which arc treated in hionomy 
(from nonios, law or norm, atid bios, life), 
the interesting facts of parasitism, domes¬ 
ticity, care of the young, social habits, 
etc., can only be explained by the action 
of heredity and adaptation. Formerly 
people saw only the guidance of a bene¬ 
ficent Providence in these phenomena; 
to-day we discover in them admirable 
proofs of the theory of evolution. It is 
impossible to understand them except in 
the light of this theory and the struggle 
for Jife. 

Finally, we must, in my opinion, count* 
among the chief inductive bases of 
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theory of evolution the fuetal develop¬ 
ment of the individual organism, the 
whole science of enibryolog'y or ontoj^eny. 
But as the later chapters will deal with 
this in detail, 1 need say nothinj^ further 
here. 1 shall endeavour in the following 
pages to show, step by step, how the 
whole of the embryonic phenomena form 
a massive chain of proof for the theory of 
evolution; for they can be explained in 
no other way. In thus appealing to the 
close causal connection between onto¬ 
genesis and pliylogenesis, and taking our 
stand throughout on the biogenetic law, 
we shall be jdile to prove, stage by stage, 
from the facts of embryology, the evolu¬ 
tion of m.'in from the lower animals. 

The general adoption of the theory of 
evolution has definitely closed the con¬ 
troversy as to the nature or definition of 
the species. The word has no absolute 
meaning whatever, but is only a group- 
name, or category of classification, with 
a purely relative value. In 1X57, it is 
true, a famous and gifted, but inaccurate 
and dogmatic, scientist, Louis Agassiz, 
attempted to give an absolute value to 
these “categories of classification.” lie 
did this in his Essay on Classification, in 
which he turns upside down the pheno¬ 
mena of organic nature, and, instead of 
tracing them to their natural causes, 
ex.amines them through a theological 
prism. The true species (bona species) 
was, he Sfiid, an “ inciirnate idea of the 
Creator.” Unfortunately, this pretty 
ph r.ase has no more scientific value than 
all the other attempts to save the absolute 
or intrinsic value of the species. 

The dogma of the fixity and creation of 
species lost its last great champion when 
Agassiz died in 1873. The opposite theory, 
that all the different species descend from 
common stem-forms,encountersno serious 
difficulty to-day. All the endless research 
into the nature of the species, and the 
possibility of several species descending 
from a common .ancestor, has been 
closed to-day by the rcmov.al of the sh.arp 
limits that h.ad been set up between 
species and viirieties on the one hand, and 
species and genera on the other. 1 gave 
an analytic proof of this in my mono¬ 
graph on the sponges (1872), having made 
a very close study of variability in this 
small but highly instructive group, and 
shown the impossibility of making any 
dogmatic distinction of species. Accord¬ 
ing as the classifier takes his ideas of 
genus, species, and variety in a broader 


or in a narrower sense, he will find in the 
small group of the sponges either one 
genus with three species, or three genera 
with 238 species, or 113 genera with 591 
species. Moreover, all these forms are 
so connected by intermediate forms that 
we can convincingly prove the descent 
of all the sponges from .a common stem- 
form, the olynthus. 

Here, 1 think, I have given an analytic 
solution of the problem of the origin of 
species, and so met the demand of certain 
opponents of evolution for an actual 
instance of descent from .a stem-form. 
Those who are not satisfied with the 
synthetic proofs of the theory of evolu¬ 
tion which are provided by compara¬ 
tive anatomy, embryology, paleifntology, 
dysteleology, chorologv, and classifica¬ 
tion, may try to refute the analytic proof 
given in my treatise on the sponge, the 
outcome of five years of assiduous study. 

I repeat : It is now impossible to oppose 
evolution on the ground that we have no 
convincing example of the descent of all 
the species o1 a ^riiup from a common 
ancestm'. The monogr.iph on the sponges 
furnishes such a proof, and, in my opinion, 
an indisputable proof. Any man of science 
who will follow the protracted steps of my 
inquiry and test my assertions will find 
that in the case of the sponges We can 
follow the actual evolution of species in a 
concrete case. And if this is so, if we 
can show the origin of ail the species 
from a common form in one single class, 
we have the solution of the problem of 
man’s origin, because w'e are in a position 
to prove clearly bis descent from the lower 
animals. 

At the same time, we can now reply to 
the often-repeated assertion, even heard 
from .scientists of our ovvm day, that the 
descent of man from the lower anim.als, 
and pi'oximately from the apes, still needs 
to be “proved w'ith certainty.” These 
“certain proofs ” have been available for 
a long time ; one has only to open one’s 
eves to .see them. It is a mist.ake to seek 
them in the discov'cry of intermedi.ate 
forms between man and the ape, or the 
conv'ersion of an .ape into a human being 
by skilful educ<ation. The proofs lie in 
the grcJit mass of empirical material we 
have alre.ady collected. They are fur¬ 
nished in the strongest form by the data 
of comparative anatomy and embryology, 
completed by paleontology. It is not a 
question now of detecting new proofs of 
the evolution of man, but of examining 
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and understanding the proofs we already 
have. I 

I was almost alone thirty-six years agt) 
;when I made the first attempt, in my' 
General Morphology, to- put organie 
science on a mechanical foundation' 
through Darwin’s theory of descent. , 
The association of ontogeny and ph\lo- 
geny and the proof of the intimate causal 
connection between these two sections 
df the science of evolution, which I 
efcpounded in my work, met with the 
most spirited opposition on nearly all , 
sides. The next ten years were a terrible 
“'{struggle for life” for the new theory. | 
Hut for the last twenty-live years the 
tables Ju^ve been turned. 'The phylo -1 
genetic method has met with so general 
a reception, and found so prolific a use in 
every branch of biology, I hat it seems 
superfluous to treat any further here of its ' 
\alidilyand results. The proof of it lies i 
in the whole morphological literature of 
the last three decades. Hut no other ; 
science has been so profoundly modified 
in its leading thoughts by this adoption, 
and been forced to yield such far-reaching 
consequences, as that science which I , 
am now seeking to establish monistic 1 
anthropogeny. ! 

This statement may seem to be rather , 
audacious, since the very next branch of; 
biology, anthropology in the stricter 
sense, makes very little use of these 
results of anthropogeny, and .sometimes 
expressly opposes them.* This .applies 
especially to the attitude which has 
characterised the Cjerman Anthropological 
Society (the DeuLschc Ih'sellschafi lur • 
Anthropologie) for some thirty years. 
Its powerful president, the famous patho- 
logi.st, Rudolph Virchow, is chiefly j 

’ This dyes not .ipply to En{(Iish ;inthropolo)risls, 
who .ire utmost all evolutionists. 


responsible for this. Until his death 
(September 5th, iqo2) he never ceased to 
reject the theory of descent as unproven, 
and to ridicule its chief consequence--the 
descent of man from a series of maiumal 
ancestors as a fantastic dream. I need 
only recall his well-known expression at 
the Anthropological U-ongress at Vienna 
in iHq4, that “ it would be just as well to 
say man came from the sheep or the 
elephant as from the ape.” 

Virchow’s assistant, the secretary of the 
tlerman .Anthropological .Society, Pro¬ 
fessor Joh.'innes Ranke of Munich, has 
also indefatigably opposed transfornii.sm : 
lie has succeeded in writing a work in 
two volumes f Dcr Mensrh ), in which all 
the facts relating to his organisation are 
expl.'iined in a sense ho.stile to evolution. 
This work has h.ad a wide circulation, 
owing to its admirable illu.styations and 
its able treatment of the most interesting 
facts of anatomy and physiology -e.xclu- 
sl\e ol the sixu.al organs ! Hut, as it has 
done a great deal to spread erroneous 
slews among the gonend public, 1 have 
included a criticism ol it in my Ihslory of 
('ivtt/ion, as well as met Virchow’s attacks 
on anthropogeny. 

Neither Virchow, nor Ranke, nor any 
other “exact” anthropologist, has 
attempted to give any other natural 
explanation of the origin of man. They 
have either set completely aside this 
“question of questions” as ;i transcen¬ 
dental problem, or they have appealed 
to religion for its solution. We h.ave to 
show that this rejection of the rational 
expl.inalion islot.ally without justification. 
'Die fund of knowledge which has 
.accumulated in the progress of biology in 
the nineteenth century is quite adequate 
to furnish :i rational explanation, and to 
establish the theory of the evolution of 
man on the solid facts of his embryology. 
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THE OVUM AND THE AMCEBA 


In order to understand cMearly the course 
of human embryology, we must select 
the more important of its wonderful and 
manifold processes for fuller explanation, 
and then proceed from these to the in¬ 
numerable features of less importance. 
'The most important feature in this sense, 
and the best starting-point for ontogenetic 
study, is 'the fact that man is developed 
from an ovum, and that this ovum is a 
simple cell. The human ovum does not 
materially dilTer in form and composition 
from that of the other mamm.als, whereas 
there is a, distinct difference between the 
fertili.sed ovum of the mammal and that 
of any other animal. 

This fact is so important that few should 
be unaware of its extreme significance ; 
yet it was quite unknown in the first 



FiQ. 1. — The human ovum,_ mag-uified IC» times. 
The globular mass of yelk (b) is enclosed by a tr.ans- 
parent membrane (the ovolemma or zona pellucida 
[a]), and contains a non-central nucleus (the germinal 
veniclc, r). Cf. Fig. 14, 


l]uarter of the nineteenth century. As 
we have seen, the human and mammal 
ovum was not discovered until 1827, when 
Carl Ernst von Baer detected it. Up to 
that time the larger vesicles, in which the 
real and much smaller ovum is contained,! 
had'been wrongly fegarded as ova. The 
important cireumstance that this mammal 
ovum is A simple cell, like the ovum of 
other animals, could not, of course, be 
recognised until the cell theory was 
established. This was not done, by 
Schleiden for th^ plant and Schwann for 
the animal^ until 1838. As we have seen, 
this cell theory is of the greatest sevdee 
in explaining the human frame and^ts 


embryonic development. Hence we mukt 
say a few words about the actual con¬ 
dition of the theory and the significance 
of the views it has suggested. j 

In order properly to appreciate tl^jB ffil- 
lular theory, (he most important element in 
our science, it is necessary to undeVstaVid 
in the first place that the cell is a tinned 
organism, a self-contained living beifnj^. 
When we anatomically dissect the fully- 
formed animal or plant into its various 
organs, and then examine the finer struc¬ 
ture of these organs with the microscope, 
we are surprised to find that all these 
different parts are ultimately made up of 
the same structural element or unit. This 
common unit of structure is the cell. It 
does not matter whether we thus dissect 
j a leaf, flow>er, or fruit, or a bone, muscle, 
gland, or bit of skin, etc.; we find in 
every ca.se the same ultimate con.stituent, 
which has been called the cell since 
Schleiden’s discovery. There are many 
opinions as to its real nature, but the 
es.sential point in our view of the cell is to 
loi'k upon it as a self-contained or inde¬ 
pendent living, unit. It is, in the words 
i>f Briicke, “an elementary organispi.” 
We may define it most precisely as the 
ultimate organic unit, and, as the cells are 
the sole active principles in every, vital 
function, we may call them the “ plastids,’”' 
or ‘ ‘ formative elements.^’. This unity Is* 
found in both the anatomic structure and 
the physiological function. In the case 
of the protists, the entire organism usually 
consists of a single independent cell 
1 throughout life. But in the tissue- 
Jforming animals and plants, which are 
iMIttie great majority, the organism begins 
' ^ts career as a simple ‘ cctI, and then 
grows into a cell-community, or, more 
correctly, an organised cell-state. Our 
own body is not really the simple unity 
that it is generally supposed to be. On 
the contrary, it is a very elaborate social 
system of countless microscopic^ organ¬ 
isms, a colony or commonwealtH, n^de 
up of innumerable independent unit% or 
, very different tissue-cells. ' 
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^ In realky, the term “cell,’’which existed 
long before the cell theory iras formulated, 
not happily chosen. Schleiden, who 
nrst,brought it into scientific use in the 
sense of the cell the^lly, gave this name 
|o the ' elerhentary Organisms because, 
irhen ‘^jbu find them in the dissected 
‘ant, they generally have the appearance 
■ chambers, like the cells in a bee-hi\ e, 
ith firm walls and a fluid or pulpy 
content. But some cells, especiall)' j oung 
ones, are entirely without the enveloping 
n^mbrane, or stiff wall. Hence we now 
generally describe the cell as a living, 
viscolis particle of protoplasm, enclosing 
a firmer nucleus in its albuminoid body. 
There may be an enclosing membrane, 
os there actually is in the case of most of 
the filants''; but it may be wholly lacking, 
as is the case with most of the animals. 
There is no membrane at all in the first 
stage. The young cells are usually round, 
but they vary much in shape later on. 
Illustrations of this will be found in the 
cells of the various parts of the body 
shown in Figs. 3-7. 

Hence the essential point in the modern 
idea of the cell is that it is made up of 
two different active constituents—an inner 
and an outer part. The smaller and inner 
part is the nucleus (or caryon or cytohlastus, 
Fig. 1C and Fig. 2 k), The outer and 
larger part, which encloses the other, is the 
body of the cell ( cellens, cytos, or cytosoma). 
The soft living substance of which the two 
are composed has a peculiar chemical 
composition, and belongs to the group 
of the albuminoid plasma - subst.ances 
formative matter ”), or protoplasm. 
The essential and indispensable element 
of the nucleus is called nuclein (or caryo- 
,plasm); that of the cell body is called 
plastin^ (or cytoplasm). In the most rudi- 
■mentary cases both substances seem to'be 
quite simple and homogerteous, without 
any visible structure. But, as a rule, 
■when we examine them under a high 
power of the microscope, we find a certain 
Structure in the protoplasm. The_ chiej 
and most compion form of this is tht 
fibrous or net-like “thready structure” 
(Frommann) and the frothy “ honeycomb 
structure ” (Biitschli). 

The shape or outer form of the cell is 
infinitely varied, in accordance with its 
endless power of adapting itself to the 
most' diverse activities or environments. 
In its simplest form the cell is globular 
(Fig. 55). This pormal round form..is 
especially found iii cells bf the simplest con- 


I struction, and those that are developed in 
! a fre^ fluid without any external pressure. 

I In such cases the nucleus also Ik not 
infrequently round, and located in the 
centre of the cell-body (Fig. 2^). In other 
ca.ses, the cells have ,no definite shape 4 
they are constantly changing their form 
owing to their automatic movements,, 
This is the case with the amoeba'(Figs. 
and 16) and the amoeboid travelling ccll$f,'. 
(Fig. 11), and also with very young ova: 
(Fig. 13). However, as a rule, the cell, 
assumes a definite form in the course of 
its career. In the tissues of the multi¬ 
cellular organism, in which a number of' 
similar cells are bound together in virtue^ 
of certain laws of heredity, the !?hape is 
determined partly by the form bf Giicir 
connection and partly by their special 





I'll.. 2. -Stem-cell of one of the echinoderms 
(istiil.i fir.st sctrmontatioii-cell ” --K,‘rtUi8e«l ovum), 
.iltci Hri'twi, ■ the nucU'Ui, or caryoii. 


functions. Thus, for instance, find in 
the mucous lining of our tongue very thin 
and delicate flat cells of roundish shape 
(Fig. 3). In the outer skin we fiiuf simi¬ 
lar, but harder, covering cells, joined 
together by saw-like edges (Fig. 4). Iq 
the liver and other glands there are 
thicker and softer cells, linked together 
in rows (Fig. 5). 

The last-named tissues (rigs. 3-5) 
belong to the simplest and most primitive 
hype, (he group of the “covering-tissues,” 
or epitheh'a. In these “ primary tissues ” 
(to which the g^erminal layers belong) 
simple cells of the same kind are arranged 
in layers. The arrangement and shape 
are more complicated in the “.secondary 
tissues,” which are gradually developed 
out of the primary^ as in the tissues of 
the muscles, nerves, bones, etc. In the 
bo)|es, for instance, which belong to the 
group of supportiing or connecting organs, 
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the cells (Fig. b) are star-shaped, and arc 
joined together by numbers of net-like 
intertt'icing processes ; so, also, in the 
tissues of the teeth (Fig. 7), and in other 
forms of supporting-tissue, in which a soft 
or hard substance (intercellular matter, or 
base) is inserted between the cells. 

The cells also differ very much in size. 
The great m.ijority of them are invisible 
to the naked eye, and can be seen only 
through the microscope (being as a rule 
between and inch in diameter). 

There are many of the .s'maller plastids 
such as the ffimous bacteria which only 
come into view with a very high magtii- 
fying power. On the other hand, many 
cells attain a considerable si/e, and run 
occasionally to several inches in diameter, 
as do certain kinds of rhi/opods among 


The passive portions come third ; these 
arc subsequently formed from the others, 
and 1 have given them the name of 
“ plasma-products.” They are partly 
external (ccll-membrancs and intercellular 
matter) and partly internal (cell-sap and 
cell-contents). 

The nucleus (orcaryon), which is usually 
of a simple roundish form, is quite struc¬ 
tureless at first (especially in very young 
cells), and composed of homogeneous 
nuclear matter or caryoplasm (Fig. t>k). 
But, as a rule, it forms a sort of vc.sicle 
later on, in which we can distinguish a 
more solid nuclear base (caryohasts) and 
a softer or fluid nuclear sap ( caryolymph). 
In .1 mesh of the nuclear network (or it 
may be on the inner side of the nuclear 
envelope) there is, as a rule, a dark, very 



Fig. 3. —Three epithelial cells frum the- mucous lininf; of the loniriic 
■ I'lc.. 4. -Five spiny or grooved cells, willi idgcs joined, from the >uter skin (cpcdermis): one of them 
(b) is isulnted. 

Fig. 5. - Ten liver-cells : one of them (b) has two nuclei. 


the unicellular protists (such as the radio- 
laria and thalamophora). Among the 
tissue-cells of the animal body many of the 
muscular fibres and nerve fibres are mo' e 
than four inches, and sometimes more 
than a yard, in length. Among the largest 
cells are the yelk-tilled ov a; as, for instance, 
the yellow “ yolk ” in the hen’s egg, which 
we shall describe later (Fig. 15). 

Cells also vary considerably in structure. 
In this connection we must first distin¬ 
guish between the active and passive com¬ 
ponents of the cell. It is only the former, 
or active pjirts of the cell, that really live, 
.and effect that marvellous world of pheno¬ 
mena to which we give the name of 
“ organic life.” The first of thc.se is the 
inner nucleus (caryoplasm), and the 
second the body of the cell (cytoplasmJ. 


opaque, solid body, c.allcd the nucleolus. 
Many of the nuclei conbain sever.al of these 
nucleoli (as, for instance, the germinal 
vesicle of the ova of fishes and amphibia). 
Recently a very small, but p.articularly 
important, part of the nucleus h,a.s been 
distinguished as the central body (cen- 
trosoma)—a tiny particle that is originally 
found in the, nucleus itself, but is usually 
outside it, in the cytoplasm ; as a rule, 
fine thre.ad.s stream out from it in the 
cytoplasm. From the position of the 
central body with regard to the other 
parts it seems probable that it has a high 
physiological importance as a centre of 
movement; but it is lacking in many cells. 

The cell-body also consists originally, 
and in its simplest form, of a homogene¬ 
ous viscid plasmic matter. But, as a rule, 
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1 only the smaller part of 
it is formed of (he livIng^ 
active ccll-substancc 
(protoplasm); the 
greater part consists of 
dead, passive plasma- 
products (metaplasni). 

It is useful to distinguish 
between the inner and 
outer of these. lixternal 
plasma-products (which 
are thrust out from the 
prt>toplasni as solid 
‘"structural matter”) 
are the cell-niembr.ines 
and the interceilulai 
matter. The inlcr)ial 
plasma - products are 
either the lluid cell-s.ip 
or hard structures. As 
a rule, in mature and 
differentiated cells these 
various parts aie so 
arranged that the proto¬ 
plasm (like the caryo- 
plasm in the lound 
nucleus) forms a sort i>f 
.skeleton or frame-work. The * paces of 
this network are tilled partly with the fluid 
cell-sap and partly by hard structur.il 
products. 

The simple round ovum, which we take 
as the starting-point of our study (b igs. \ 
and 2), has in many cases the vague, in¬ 
different features of the typical primitive 
cell. As a contrast to it, and as an 
instance of a very highly dilTerentiated 
plastid, we may consider for a moment .a 
large nervc-ccll, or ganglionic cell, from 
the brain. The ovum stands potentially 
for the entire organism—in other words, 
it has the faculty of building up out of 


Fig. 7. — Eleven star-shaped cells from the 
enamel of a tooth, joined together by thdr branchlets. 


itself the whole multicellular body. It is 
the common parent of all the countless 
generations of cells which form the dif¬ 
ferent tissues of the body ; it unites all 
their powers in it.self, though only poten- 
ti.illy or in germ, in complete contrast 
to this, the neural cell in the brain 
(b'ig. t)) developcs along one rigid line. 
It cannot, like the ovum, beget cndle.ss 
generations of cells, of which some will 
become skin-cells, others muscle-cells, and 
others again bone-cells. But, on the 
oilier hand, the nerve-cell has become 
ill ted to discharge the highest functions 
of life ; it has the powers of sensation, 
will, and thought. It is a real .soul-cell, 
or an element-'iry organ of the psychic 
activity. It has, therefore, a most elabo¬ 
rate and delicate structure. Numbers of 
extremely fine threads, like the electric*' 
wires at a large telegraphic centre, cross 
and recross in the delicate protoplasm 
of the nerve cell, and pass out in the 
branching processes which proceed from 
it and put it in communication with other 
nerve-cells or nerve-fibres (a, b). We 
can only partly follow their intricate paths 
in (he fine matter of the body of the cell. 

Here we have a most elaborate appa¬ 
ratus, the delicate structure of which we 
are just beginning to appreciate through 
our most powerful microscope.s, but 
whose significance is rather a matter of 
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conjecture than knowledge. Its intri¬ 
cate structure corresponds to tlie very 
complicated functions of the mind. Never¬ 
theless, this elementary organ of psychic 
activity—of which there are thousands in 
our brain- is nothing but a single cell. 
Our whole menial life is only the joint 
re.suit of*he combined activity of all these 
nerve-cells, or soul-cells. In the centre 
of each cell there is a large transparent 
nucleus, containing a small and dark 
nuclear body. Here, as elsewhere, it is 
the nucleus that determines the indivi¬ 
duality of the cell; it proves that the 
whole structure, in spile of its intricate- 
composition, amounts to only a single 
cell. 

In contrast with this very elaborate and 
very .strictly dilTerentialed psychic cell 
(Fig. 9), we have our ov um (Figs. 1 and j), 
which has hardly any structure at all. 



Fir.. 8.- Unfertilised ovum of an echinoderm 

(from ItertwigY Thr vrsicular iiuririih (or “ffiTminal 
vesicle is f^Iobular, tuitf llie sixe i>f the round ovum. 
And encloses a nuclear tramework, in tlie central knot 
of which thert: is a dark nucleolus (the "{ferminal 
spot"). 

But even in the case of the ovum we must 
infer from its properties that its proto¬ 
plasmic body has a very complicated 
cliemical composition and a line molecular 
(Structure which escapes our observation. 
This presumed molecular structure of the 
pla.sm is now generally admitted ; but it 
lias never been seen, <ind, indeed, lies 
far beyond the range of microscopic 
vision. It must not. be confused—as is 
often done—with the structure of the 
plaSm (the fibrous net-work, groups of 
granules, honey-epmb, etc.) which does 
come within the^ange of the microscope. 

But when we %;^eak of the cells as the 
elementary orgidiisms, or structural units, 
or “ultimate individualities,” we must 
bear in mind a certain restriction of the 
phrases. 1 mean, that tlie cells are not, 


as is often supposed, the ye^ lowest sla^ 
of organic individuality. There are yet 
more elementary organisms to which I 
must refer occasionally. These are wlutt 
we call the “cytodes” = cell), 

certain living, independent beings, con¬ 
sisting only of a particle of plasson —^an 
albuminoid substance, which is not ybt 
dilTerentialed into caryoplasm and cyto¬ 
plasm, but combines the properties of 
both. Those remarkable beings called 
the monera — cspeci.ally the chromacea 
and bacteria — are specimensf of these 
simple cytodcs. (Compare the nineteenth 
Chapter.) To be quite accurate, then, 
we must say ; the elementary organism, 
or the ultimate individual, is found in 
two different stages. The first and lower 
st.'ige is the cylode, which consists 
merely of a particle of pla.s.son, or quite 
simple pbasin. The second and higher 
stage is the cell, wliich is already divided 
or differentialed into nuclear matter and 
cellul.'ir mailer. We compri,se,both kinds 
-the cytodes and the cells—under the 
name of plasti(is' (“formative particles”), 
because they are the real builders of the 
organism. However, these cytodes are 
not found, as a rule, in the higher animals 
and plants ; here we have only real cells 
with a nucleus. Hence, in these tissue- 
forming organi.sms (both pljint and 
anim;d) the organic unit always consists 
of two chemically .and anatomic.ally dif¬ 
ferent p;irl.s—the outer cell-body and the 
inner nucleus. 

In order to convince oneself that this 
cell is really an independent organism, 
we have only to observe the development 
and vital phenomena of one of them. We 
see then that it' performs all the essential 
functions of life—both vegetal and animal 
—which we find in the entire organism. 
Each of these tiny beings grows and 
nourishes itself independently. It takes 
its fotxl from the surrounding fluid ; some¬ 
times, even, the naked cells take in solid 
particles at certain points of their surface 
—in other words, “eat” them—without 
needing any special mouth and stomach 
for the purpose (cf. Fig. 19). 

Further, eiich cell is able to reproduce 
itself. Thij? multiplication, in most cases, 
takes the form of a siniple cleavage, 
sometimes direct, sometimes indirect; the 
simple direct (or “amitotic”) division is 
less common, and is found, for instance, 
in the blood cells (Fi^. 10). In these the 
nucleus first divides into two equal parts 
byconstriction. Theiadirect(or“naitotic”) 
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Fra. Q.— A larere bpanchlnff nerve-cell, or “ soul-cell,” from the brain of ah^ecitric fish (Torfedo), 

, maraified 600 times. In the midole of the cell is the larg'e trans^rcnt round nucleus, oae nucleolus, and, within 
the latter ae^ain, Anucleolinus. The protcmlasm of the cell is spht into innumerable fine Uireads (or fibrds), whidi 
are embedoM in intercellular matter, and are prolonged into the branching processes of the celt 0>X One 
blanch (a) passes into a nerve-fibre. (From Max SchuUee.) 
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cleavag^e is much more frequent ; in this I 
the caryoplasm of the nucleus and tlie ; 
cytoplasm of the cell-hody act upon each j 
other in .a peculiar way, with a partial | 
dissolution (caryolysis), the formation of j 
knots and loops ( mitosis), and a move¬ 
ment of the halved plasma-particles 
towards two mutually repulsive poles of 
attraction (c«riY;^/«£’.v/.s, h'if^. ii). 

'I'he intricate physiolojrical processes 
which accompany this “ mit£)sis ” have 
been very closely studied «>f late ye.irs. j 
The inquiry has led to the detection of ! 
certain laws of evoluli(.)n which are of j 
extreme import,nice in connection with | 
heredity. As a rule, two very different I 
parts of the nucleus play an important i 
part in these cli:in5.fes. They aic : the j 
<hromaim, or coloured nuclear substance, | 



Kk;. io. — Blood-oells, multiplying by direct 
division, irimi Itii- bliHid of tin- i-uit»r.\o ot .i 
C^i ii;in>ill>I (Mi'h I)looi1-c<.ll li.is .1 iiiictoii', :inJ lA rouiul 
(a ) When it is (joins' to niiilliph, tlie iiui ti'iis divides 
into two f A, ,, f// Thi’ii tlie prolopl.ismu lioitv ision- 
st I let ed bet ween the two iiULlei, .'ind those iiio\ e ;iM .'ij 
from each other h'liiattv, tlie roust net ion is loni- 

plete, and tlie cell splits into t wo d.iiijfhter-cclls f // 
(h'roiii /’/TV.) 

which has ;i peculiar property of tiiif^iiijr 
itself deeply with certain colourint^matters 
(carmine, hamititoxylin, etc.), and the 
achromin (or /hiitt, or m tiro mat in), a 
colourless nucletir substance ihiit lacks 
this property. The latter f^ener.tlly forms 
in the dividin}^ cell a sort of spindle, at 
the poles of which there is a very small 
particle, al.so ccilourless, called the ‘ ‘ central 
body ” (centrosoma). This acts as the 
centre or focus in a “ sphere of attraction ” 
for the granulc.s of protoplasm in the 
surrounding; cell-body, and assumes .a 
star-like appearance (the cell-star, or 
monaste?^. The two, c.entral bodies, stand¬ 
ing; opposed to each other at the poles of 
the nuclc.ar spindle, form “the double¬ 
star ” (or amphiaster. Fig. ii, B, C). The 


chrom.atin often forms a long, irregularly- 
wound thread—“ the coil ” {spirema, Fig. 
A). At the commencement of the cleavage 
itgathers .at the equator of the cell, between 
the stell.ar poles, and forms a crown of 
Ll-shaped loops (generally four or eight, 
or some other definite number). The 
loops split lengthwi.se into two halves 
(B), and the.se back away from each other 
towards the poles of the spindle (C). Here 
each group forms a crown once more, and 
this, with the corresponding half of the 
divided spindle, forms ,a fre.sh nucleus (D). 
Then the pnitopl.ism of the cell-body 
begins to ctinlr.ict in the middle, anti 
gather about the new daughter-nuclei, 
and at last the two daughter-cells become 
independent beings. 

Heivveen this common mitosis, or /«- 
liiirrt ct’ll-divisitin which is the normal 
cleavage-pi'ocess in most cells of the 
higher animals and plants- ;ind thesiinple 
duVit division (big. lo) we iind e\ery 
grade of segment.ilion ; in stane circum¬ 
stances even one kind of division may be 
converted into another. 

J'he plastid is al.so endowed with the 
functions of movement and sen.sation. 
The single cell can move and creep about, 
when it has space for free movement ,ind 
is not prevented by :i hard en^'clope ; it 
then thrusts out at its surface proces.ses 
like fingers, and quickly withdraws them 
again, and thus ch.mges its shape (Fig. 12). 
h’inally, the young cell is .sen.silive, or more 
or less res|x>nsive lo stimuli ; it makes 
certain movements on the applic.ititin 
of chemical and mechaniial irril,ilion. 
Hence wa* can ascribe lo the individual 
cell all the chief functions which we com¬ 
prehend under the gerier.il heading of 
“ life sensation, movement, nutrition, 
and reproduction. All these properties of 
the multicellular and highly developed 
anim.il .are also found in the .single 
anim.al-cell, at least in its younger stages. 
'J'here is nt> longer .any doubt .about this, 
.inJ so we may reg.ard it as .a solid .and 
import.ant b.ase of our physiological con¬ 
ception of the elementary organism. 

Without going any further here into 
these very interesting phenomena of the 
life of the cell, w’c will pass on to con.sider 
the .application of the cell theory to the 
ovum. Here comparative research yields 
the important result that every ovum is at 
first a simple cell. 1 say this is very 
important, because our whole science of 
embryology now resolves itself into the 
problem : “ How does the multicellular 
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organism arise from the unicellular ? ” 
Ev^ry organic individual is at first a simple 
cell, and as such an elementary organism, 
or a unit of individuality. This cell 
produces a cluster of cells by segmenta¬ 
tion, and from these dcvelopes the multi¬ 
cellular organism, or individual of higher 
rank. 


internal constitution. Later, though the 
ova remain unicellular, they differ in size 
and shape, enclose various kinds of yelk- 
particles, have different envelopes, and so 
on. But when we c.xamine them at their 
birth, in the ovary of the female animal, 
we find them to be always of the same 
form in the first stages of their life. In 


A Mother-cell 
(Knot, spirem.i) 


Cytosoiii.T, 


Protopl.ism of the ccll-hoJv 



B Mother-star, 

the loops bei'inninp It' split Ifiipthw.iys 
(lUiL'lc.ir meinhi.iiii (■out) 


' *.,'.7^.— —Still-like .ippcamnce in tytopl.ism 
^ "'.vfe., -is —.Ceiitrosomn (splu-re of altr.iction) 

s ‘ rv CA f I » _ ^ 

Jy ^NiKKMr spimile (.tdiroinin. roloutlc: 
iiiaUir) 


— Nucle.ir loo]i»^ ''^'rom.itin, coloured matter) 



C The two daughter-stars, 

produtcti the brcitkinf^ of (hi loops of 
the mother-star (moMiin aw.ij ) 



n The two daughter-cells, 

produced by Ihe complete dnision of tt 
(wf) micle.nr halves (cj tosoniat.i still 
eohnected at the eijuator) 
(Double-knot, Di.spirem.i) 



— Upper daughler-niiileus 


Equatorial constriction of the ccU-body 


Lower dauf^htcr-nudeus 


Ftc. II -Indirector mitotic cell-division (with caryolysis and c.-iryokincsis) from the skin 01 the larva 
of a sal<iin.inder. (l*'iom Kahl.) 


When we examine a little closer the ! 
original features of the ovum, we notice { 
the extremely significant fact that in its 
first stage the ovum is just the same 
simple and indefinite structure in the case 
of man and all the animals (Fig. 13). We 
are unable to detect any material difference 
between them, either in outer shape or 


the beginning each ovum is a very simple, 
roundish, naked, mobile cell, without a 
membrane; it consists merely of a particle 
of cytoplasm enclosing a nucleus (Fig. 13). 
Special names have been given to these 
parts of the ovum ; the cell-body is called 
the j/elk (vtfellus), and the cell-nucleus 
the germinal vesicle. As a rule, the 
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nucleus of the ovum is soft, and looks 
like a sti'^ll pimple or vesicle. Inside 
it, as in many other cells, there is a 
nuclear skeleton or frame and a third, 
hard nuclear body (the niulcohis). In 
the ovum this is called the m rminal spot. 
Finally, we find in many ova (but not in 
alt) a still further point within the }.fer- 
minal spot, a “ nueleolin,” which jfoes by 
the name of the firnnimil point. The 
latter parts ({^'erminal spot and germinal 
point) have, apparently, ;i minor impor¬ 
tance, in comparison with the other two 
(the yelk and germinal vesicle). In the 
yelk we must distinguish the active/ivr- 
nMlh'c yelk (or protoplasm - first plasm) 
from the passive nutritive yelk (or deuto¬ 
plasm — second plasm). 



Fig. la.— Mobile cells ft>om the Inflamed eye of 

a ft'Og (from tli<‘ wati'ry fluid of llic llif humor 
ai/iteus). Thf n.ikod cells creep freely about, by (like 
the amoeba or rhizopods; protrudliiff fine privessus 
from the uncovered probipl.ihmic Iwdy. These bodies 
vary continually in number, shape, and size. The 
nucleus of these aimuboid Ivmph-cells (" Iravelliiijf 
cells," or plam>cvles) is invisible, because concealed b> 
the numbers of fine (rr,mules which .ire scattered in the 
protoplasm. (From Fny.) 

In many of the lower animals (such as 
sponges, polyps, and mcdu.sic) the naked 
ova retain their original simple appear¬ 
ance until impregnation. Hul in most 
animals they at once begin to change; 
the change con.sisls partly in the formation 
of connections with the yelk, which .serve 
to nourish the ovum, and partly of 
external membranes for their protection 
(the ovolemma, or prochorion). A mem¬ 
brane of this sort is formed in all .the 
mammals in the course of the embryonic 
process. The little globule is surrounded 
by a thick capsule of ^lass-like trans¬ 
parency, the sona pelluctda, or ovolemma 


pellucidum (Fig. 14). When we examine 
it closely under the microscope, we see 
very fine radial streaks in it, piercing the 
softa, which arc really very narrow canals. 
T*lie human ovum, whether fertilised or 
not, cannot be distinguished ffom that of 
most of the other mammals. It is nearly 
the same everywhere in form, size, and 
composition. When it is fully formed, 

, it has a diameter of (on an average) 
j about , of an inch. When the mammal 
I ovum has been carefully isolated, and 
I held against the light on a glass-plate, it 
j may be seen as a fine point even with the 
1 naked eye. The ova of most of the 
j higher mammals are about the s.'une size. 
The diameter of the ovum is almost always 
between inch. It has always 

the same globular shape; thd^same 
characteristic membrane ; the same 
transparent germinal vesicle with its 
dark germinal spot, liven when wc use 
the most powerful micro.scope with its 
highest power, we can detect no material 
difference between the ova of man, the 
ape, the dog, and so on. I do not mean 
to say that there are no differences 
between the ova of these different 
mammals. On the contrary, wc are 
bound to assume that there are such, at 
least as regards chemical composition. 
Even the ova of different men must differ 
from each other ; otherwise we should 
not have a different individual from each 
ovum. It is true that our crude and 
imperfect apparatus cannot detect these 
subtle individual differences, which are 
probably in the molecular structure. 
However, such a striking re.scrnblance 
of their ova in form, so great as to 
seem to be a complete similarity, is a 
strong proof of the common parentage of 
man and the other mammals. From the 
common germ-form we infer a common 
stem-form. On the other hand, there are 
striking peculiarities by which we can 
easily di.stingui.sh the fertilised ovum of 
the mammal from the fertilised ovum of 
the birds, amphibia, fishes, and other 
vertebrates (see the close of the twenty- 
ninth chapter). 

The fertilised bird-ovum (Fig. 15) is 
notably different. It is true that in its 
earliest stage (Fig. 13 E) this ovum also 
is very like that of the mammal (Fig. 13 F), 
But afterwards, while still within the 
oviduct, it takes up a quantity of nourish¬ 
ment and works this into the familiar 
large yellow yelk. When we examine a 
very young ovum in the hen’s oviduct, we 
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find it to be a simple, small, naked, 
amceboid cell, just like the youn^ ova of 
other ’animals (Fig. 13). But it then 
grows to the. size we are familiar with in 
the round yelk of the egg. The nucleus 
of the ovum, or the germinal vesicle, is 
thus pressecf right to the surface of (he 
globular ovum, and is embedded there in 
a small quantity of transparent matter, 
the so-called white yelk. This forms a 
round white spot, which is known as the 
“ tread ” f cicatricula) (Fig. 15 b). From 


the tread a thin column of the w’hite yelk 
penetrates through the yellow yelk to the 
centre of the globular cell, wherl; it swells 
into a small, central globule (wrongly 
called the yelk-cavity, or latebm, Fig. i5</'). 
The yellow yelk-matter which surrounds 
this white yelk ha.s the appearance in (he 
egg (when boiled hard) of concentric 
la\ers (<). The yellow yelk is also 
enclosed in a delicate structureless mem¬ 
brane (the nifiiibiana vitvllina, a). 

' As the large yellow ovum of the bird 



Fic. 13.— Ova of various animals, executing amoeboid movements, highly magnified. All the ovr 

are naked cells of varyini; shiipe. In the dark finc-ffrained protopla.sm (yelk) is a large vesicular nucleus (the 
grerminal^yesiclc), and in this is seen a nuclear body (the (terminal spot), in which af^uin we often see a g'erminal 
TOint. ¥igs, A1-A4 represlint Uie ovum of a sponge ( l.eitculmis echimis) in lour successive movenients. 
Bt-B8 arc the ovum of a parasitic crs^iChondracanthus rm-ntitux), in eight successive movemenU. (Prom 
EduDord von JBeneden. ) Cl-C's show (he ovum of the cat in various stages of moveincnl (from Pftiiger); Fig. /» 
tbe ovum of a trout; E the Ovum of a chicken j F a human ovum. 
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attains a diameter of several indies in the { 
bigger birds, and endoses round yelk- 
partidcs, there was formerly a roluetanre 
to consider it as a simple cel). This Wris 
a mistake. Kvery animal that has only 
one cell-nucleus, every amteba, ever^' 
gregarina, every infusorium, is uni¬ 
cellular, and remain unicellular what¬ 
ever variety of matter it feeds on. .So 
the o\um remains a simple tell, how¬ 


ever much yellow yelk it afterwards 
accumulates within its protoplasm. It 
is, of course, different, \\'ith the bird’s 
egg when it has been fertilised. The 
ovum then ctmsists of as many cells as 
there are nuclei in the tread. Hence, 
in the fertilised egg which we cat daily, 
the yellow yelk is already a multicellular 
body, its tread is composed of several 
cells, and is now commonly called the 


ffetminnl disc. We shall return to this 
discogaslmla in the ninth chapter. 

When the mature bird-ovum has left 
the ovary and been fertilised in the ovi¬ 
duct, it covers it.self with various mem¬ 
branes which are secreted from the wall 
of the oviduct. First, the large clear 
albuminous layer is deposited around the 
yellow yelk ; afterwards, the hard e.xternal 
shell, with ■! fine Inner skin. AJl these 
gradually forming en¬ 
velopes and pn>cesses 
are of no importance in 
the formation of the 
embrjo; they serve 
merely for the protection 
of the original simple 
ovum. We sometimes 
find extraordinarily large 
eggs with strong en¬ 
velopes in the case of 
other animals, such as 
fishes of the shark type. 
Here, also, the ovum is 
originally of the same 
character as it is in the 
mammal; it is a perfectly 
simple and naked cell. 
But, as in the case of 
the bird, a considerable 
quantity of IUJlriti^e yelk 
is accumulated inside the 
original yelk as food for 
the developing embr\o; 
:md various coverings 
are formed round the 
egg. The ovum of 
mail) other .animals has 
the same internal and 
external features. They 
have, howe\er, only a 
physiological, not a mor¬ 
phological, importance ; 
they have no direct in¬ 
fluence on the formation 
of the foetus. They are 
partly consumed .as Jewd 
by the embryo, and 
]>artly serve .as protec¬ 
tive envelopes. Hence 
we may leave them out of consideration 
altogether here, .and restrict ourselves to 
material points— io the stihstantial identity 
dj the oiiginal ovum, in man and the rest 
of the animals (Fig, “13). 

Now, let us fot the first time m.ake use 
of our biogenetic law, .and directly apply 
this fundamental l.aw of evolution to the 
human ovum. We reach a very simple, 
but very important, conclusion. From 


;(tnrT|TFiTiirnT>r.,^ 







Fio. 14. - The human ovum, t.ikcn from tlu'fomali' ov.arj, rnnK'iiitii-'d sot' 
timrs 'I'lii' whole I'Mim is .i simple loimd eell 'flu- ehiel p:ir1 of ilie 
fftohiilar m.'iss is t.ii mej Iw the miele.'ir \elk (), wliiili is e\eiil> 
clistrihiiled in tlie .letive protoplasm,iiiid consists of mimhers ol tine M Ik- 
{fr.iiiiiles III the upper p.iit of the telk is Ihe traiisp.-iieiit round jjermiii.il 
vesicle, which cosrespoiids to Ihe jimiriis This encloses .i darkei (•laniile, 
the/.n'l-wi/iin/ spi't, which shows.i iiik/ fo/itt. The jflohiil.ii )ilk is siirrouiided 
h) the thick transjiarcnt ^ermiiuit memhi.ine toT'o/iv/inm, or zoiiu /<i//iii idii ) 
'this is tra\erseil h> mimhcis of lines as line as hairs, which .ire direited 
radially towards the ceritie ot the OMiin. Thesi' are called the pore-can.iK; 
it IS Ihroutfli these th.it tlw moving speriiiaU>/o.i ]ienetrate into the t elk ,it 
impregnation. 
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the fact that the human ovum and that of 
all other animals consists of a sint^le cell, it 
/ollozvs immcdiatclv, at cordiuc^ to the flio- 
Xvnctic Imv, that all the animals, nicludin^ 
man, descend front a unicellular organism. 


i 



Fig. is.— a fertilised ovum from the oviduct of 
a hen. The lellow yi-lk A'onsis(s ol si-ier.-il ron- 
centric l.'iyers .mJ is siieloseil jii .i Ihiii \ ellv-mcni- 

braiie V The niu'Uiis nr e^ertiiiii.il \esidi is sei-ii 
.abi've III the eie.ilriv or " lre.nl ” (h), l''rom Ih.il point 
the white yelk penetrates to tin-lentr.il I'elk-i-.ivitj (if ) 
The two kinds ol j elk do not dift'er i erj iiiin h. 

If (lur bioi^'cnolii' l:iw is triu', if tlio 
CMiibryonic devcloptni'iit is ;i suiiun.irv or 
c’ondc'n.sed rcrapitui.ilinn of tbo stoiii- 
history - -.ind tliL’ic t.ui be no doubt diout 
it - wc are bound to eonelude, from ibe 
fact that all tlie ova are at first simple 
t ells, that all the multieellular orf.^anisms 
orijj^inally spranj^' from .i imieellular beinf4. 
And as the orif4inal ovum in niiin and all 
the other juiim.ils has the s.itiie simple 
and indciinite appearance, we may assume 
with some probability that this un’icellular 
stem-form was the common ancestor of 
the whole animal world, including nuin. 
However, this last hypothesis does not 
seem to me as inevitable and as absolutely 
certain as our first conclusion. 

This Inference from the unicellul.ar 
embryonic form to the unicellular ancesttir 
is so simple, but so important, that we 
cannot sufficiently emphasise it. We 
must, therefore, turn next to the question 
vdiethcr there arc to-day any unicellular 
organisms, from the features of which wc 
may draw some approximate conclusion as 
to the unicellular ancestors of the multi¬ 
cellular org’anism.s. The answer is; Most 
certainly there are. There are assuredly 
still unicellular organisms which are, in 
their whole nature; really nothing more 
than permanent, ova. There are inde¬ 
pendent unicellular organisms of the 
simplest character which develop no 
furtner, but reproduce themselves as such, 
without any further growth. We know 


to-day of a great number of these little 
beings, such as the gregarime, flagellata, 
.nineta, infusoria, etc. However, the., 
is one I'f them that has an especial interest 
for us, because it at once suggests itself 
when we raise our question, and it must 
be regmrded as the unicellular being that 
approaches nearest to the real ancestral 
form. This organism is the Anueha. 

For a long time now we have com¬ 
prised under tlu- general name of anui'ba* 
.1 numbei' of miiroscopic unicellular 
oig.misms, which .ire \er\ widely distri¬ 
buted, especiallv in fiesh w.iter, but also 
in the ocean ; in fact, thei have lately 
bei'ii discos ered in damp soil, 'fhere are 
.also par.isitic aniieha' w hich liv e inside 
other .inim.ils. When we place one of 
these .iimeb.e in a drop of water under 
the mil roM ope and examine it with a high 
powei, it generallv appears as ,i roundish 
! p.irtiile of ,i \erj irregul.ir and valuing 
'' shape (bigs. i(i .iiid 17). In its soft, 

I slims, semi-lliiid subst.ime, which coii- 
' sists of protopl.ism, \\e see onlv the solid 
globiil.ir p.irlicle it t out.tins, the nui lens. 
This unicellui.ar bods’ inoses about con¬ 
tinually, creeping in I'viay direction on 
the gl.iss on which we are evaininiiig it. 
The inoseineiit is effected by t he sh.ipeless 
bod\ thrusting out iinger-jilve processes 
at various p.irts of its surfaie; and these 
are slosvis but continually changing, and 
drawing the rest of the body after them. 
,\ller .1 time, perhaps, tlu' action i hanges. 



Fig. 16.—a creeping' amesba thi^hly ^n,^K■n;fiod). 
The whole organism is .a simple n.akeil cell, and moves 
.ahaut by means of’ the elian^inx .arms which it thrusts 
out of and withdraws into its protoplasmic body. 
Inside it is the roundish nucleus with its iiiiikailus. 

The ammba suddenly stands still, with¬ 
draws its projections, and assumes a 
globular shape. In a little while, how¬ 
ever, the round body begins to expand 
again, thrusts out arms in another 
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direction, and moves on once more. These 
changeable processes are called “false 
feet,” or pseudopiKlia, because they act 
physiologically as feet, yet are not special 
organs in the anatomic sense. They 
disappear as quickly as they comcf and 
are nothing more than temporary projec¬ 
tions of the semi-lluid and structureless 
body. 

If you touch one of these creeping 
amct'bfe with a needle, or put a drop oi 
acid in the water, the whole body at once 
contracts inconsequenccof this mechanical 


or physical stimulus. As a rule, the body 
then resumes its globular shape. In 
certain circumstances—for instance, if the 
impurity of the water lasts some time— 
the amcEba begins to develop a covering. 
It exudes a membrane or capsule, which 
immediately hardens, and assumes the 
appearance of a round cell with a protec¬ 
tive membrane. The amceba either takes 
its food directly by imbibition of matter 
floating in the water, or by pressing into 
its protoplasmic body solid particles with 


which it comes in contact. , The latter 
process may be observed at any moment 
by forcing it to eat. If finely ground 
colouring matter, such as carmine or 
indigo, is put into the water, you can see 
the body of the amceba pressing these 
coloured particles into itself, the substance 
of the cell closing round them. The 
amceba can take in food in this way at 
any point on its surface, without having 
any special organs for intussusception and 
digestion, or a real mouth or gut. 

The ainteba grows by thus taking in 
food and dissolving the 
particles ejiten in its pro¬ 
toplasm. When it reaches 
a certain size by this con¬ 
tinual feeding, it begins to 
reproduce. This is done 
by the simple process of 
cleavage (Fig. 17). First, 
the nucleus divides into 
two parts. Then the pro¬ 
toplasm is separated be¬ 
tween the two new nuclei, 
and the w'hole. cell splits 
into two daughter-cells, 
the protoplasm gathering 
about each of the nuclei. 
The thin bridge of proto¬ 
plasm which at first 
connects the daughter-cells 
soon breaks. Here we 
have the simple form of 
direct cleavage of the 
nuclei. Without mitosis, 
or formation of threads, 
the homogeneous nucleus 
divides into two halves. 
These move away from 
each other, and become 
centres of attraction for 
the enveloping matter, the 
protoplasm. The same 
direct cleavage of the 
nuclei is also witnessed in 
the reproduction of many 
other protists, while other 
unicellular organisms show the indirect 
division of the cell. 

Hence, although the amoeba is nothing 
but a simple cell, it is evidently able to 
accomplish all the functions of tne multi¬ 
cellular organism. It moves, feels, 
nourishes itself, and reproduces. Some 
kinds of these amcebaj can be seen with 
the naked eye, but most of them are 
microscopically small. It is for the follow¬ 
ing reasons that we regard. tl»e amoebae 
as the unicellular organisms which have 



Fio. 17.—Division of a unicellular amoeba folyf>odia) in 

six st.iffi's. (From /•'. li. SrhuUze.) Tin* dark spot is tin* nucleus, the 
lijfhtcT spot a contract ill* vaciiuli in tlic protoplasm. The latter rc-forni' 
in one oi the diHi^hlcr-ccIIs. 
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special phylogenetic (or evolutionary) 
relations to the ovum. In many of (he 
lower animals the ovum retains iis, 
original naked form until fertilisation, 
developes no membranes, and is then 
often indistinguishable from the ordinary 
amceba. Like the amoeba', these naked 
ova may thrust out processes, and mo\e 
about as travelling cells. In the sponges 
these mobile ova move about freely in the 
maternal body like independent aniceb.e 
(Fig. 17). They had been observed b\ 
earlier scientists, but described as foreign 
bodies—namely, parasitic aniivba', living 
parasitically on the body of the sponge. 
Later, however, it was' discovered that 
they were not parasites, but the ova of 
fhe sponge. VVe also find this remarkable 
phenomenon among other anihials, such 
as the graceful, bell-shaped zoophytes, 
which we call polyps and inedus;e. Their 
ova remain naked cells, which thrust out 
anueboid projections, nourish themselves, 
and move about. When they have been 
fertilised, the multicellular organism is 
formed from them by repeated segmen¬ 
tation. 

It is, therefore, no audacious hypothesis, 
but a perfectly sound conclusion, to regard 
the amoeba as the particular unicellular 
organism which oilers us an appri>.\imate 
illustration of the ancient common unicel¬ 
lular ancestor of all the meta/oa. or multi¬ 
cellular animals. The simple ttaked 
amoeba has a less definite and more 
original character than any other cell. 
Moreover, there is the fact that recent 
research h<'i.s discovered such amteba-like 
cells everywhere in the mature body of 
the multicellular animals. Tlay are 
found, for instance, in the human blood, 
side by side with the red corpuscles, as 
colourless blood-cells ; and it is the .same 
with all the vertebrates. They are also 
found in many of the invertebrates—for 
instance, in the blood of the snail. 1 
showed, in 1859, (hat lhe.se colourless 
blood-cells can, like the independent 
amoebaj, take up solid particles, or “eat” 
' (whence they are called phnj^ocytes = 
“ eating-cells,” Fig. 19). Lately, it has 
been discovered that many different cells 
may, if they have room enough, execute 
the same movements, creeping about and 
eating. They behave just like amoebae 
(Fig. 12). It has also been shown that 
these “travelling-cells,” or plpinocytes, 
play .an important part in man’s physio¬ 
logy and pathology (as means of transport 
^or food, infectious matter, bacteria, etc.). 


The power ot the naked cell to execute 
these characteristic amoeba-liko move¬ 
ments comes from the cvintractilily (or 
automatic mobility) of its protoplasm. 
This seems to be a univeisal properly of 
V'oung cells. When they are not enclosed 
by a firm membrane, or confined in a 
“cellular prison,” they can always .iccom- 
plish these aimeboid movements. This 
is true of the naked ova as well as of any 
other naked cells, ofihe “travelling-cells,” 
of various kinds in connective tissue, 
lymph-cells, mucu.s-cells, etc. 

We have now, by our study of the 
ovum and the comparison of it with the 
.'xmcvha, provided a perfectly .sound and 
most valuable foundation for both the 
• jnbryology and the evolution of man. 
We lia\e learned that (he human ovum is 
simple cell, that this ovum is not 
materially dilTerent from that of other 



F11; iS. - Ovum of a sponge iOhnthus). Tin- 

o\um creeps about in the bi^v of llu** sponffe by 
thriistin|i^ out ever^'lianj^inj*- processes. Jt in indistui- 
^uishabto frcini \\\v anicebfL 

mammals, and that vve may infer from 
it the existence of a primitive imici'lliil rt' 
ancestral form, with a sub.stantial resem¬ 
blance to (he amu'ba. 

The statement that the earliest pro¬ 
genitors of the human race were simple 
cells of this kind, and fed an independent 
unicellular life like the aimeba, has not 
only been ridiculed as the dre.im of a 
natural philosopher, but also been 
violently censured in theological journals 
as “shameful and immoral.” I 5 ut, as I 
observed in my essay Oti the Origin and 
Ancestral 7 'ree of the Unman Race in 
1870, (his olTended piety must equally 
protest against the “shameful and im¬ 
moral ” fact that each human individual 
is developed from a simple ovum, and that 
this human ovum is indistinguishable 
from those of the other maimnals, and in 
its earliest stage is like a naked amceba. 
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We can show this to be a fact any day 
with the microscope, and it is little use to 
close one’s eyes to “ immoral ” facts of 
this kind. It is as indisputable as the 
momentous conclusions we draw from it 
and as the vertebrate character of man 
(sec Chapter XI.). 

We now see very clearly how extremely 
important the cell theory has been for 
our whole conception of orjj^anic nature. 
“ Man’s place in nature ” is settled beyond 


question by it. Apart from the cell theory, 
man is an insoluble eiiit^ma to us. Hence 
philosophers, and especially physiolo^jists, 
should be thoroughly conversant with it. 
The soul of man can only be really under¬ 
stood in the light of the cell-soul, and we 
have the simplest form of this in the 
jiimrba. Only those who arc acquainted 
with the simple psychic functions of the 
unicellular organisms and their gradual 
evolution in the series of lower animals 


can understand how the elabomte mind 
of the higher vertebrates, and especially 
of man, was gradually evolved from them. 
The academic psychologists who lack 
this zoological equipment arc unable to 
do so. 

This naturalistic and realistic con¬ 
ception is a stumbling-block to our 
modern idealistic metaphysicians and their 
thcologic.'d colleagues. Fenced about 
with their transcendental and dualistic 
prejudices, they attack not only 
tho monistic system we establish 
on our .scientific knowledge, 
but even the plainest facts whici) 
go to form its foundation. Art 
instructive instance of this was 
seen a few years ago, in lh6 
academic discourse delivered by 
a distinguished theologian, Wil¬ 
libald Ileyschlag, at Halle, 
January utli, ]C)(X), on the occa¬ 
sion of the centenary festival. 
The theologian protested violently 
against the “materialistic dust¬ 
men of ihe scientific world who 
olTer our people the diploma of 
a descent from the ape, and 
would prove to them that the 
genius of a Shakespeare or a 
Goethe is merely a distillation 
from a drop of primitive mucu.s.” 
Another well-known tlicolc^ian 
protested against “the horrible 
idea that the greatest of men, Luther 
and Christ, were descended from a 
mere globule of protoplasm.” Never¬ 
theless, not a single informed and im¬ 
partial .scientist doubts the fact that 
these greatest men were, like all other 
men - -and all otherverlebrates—developed 
from an impregnated ovum, and that this 
simple nucleated globule of protoplasm 
has the same chemical constitution in all 
the mammals. 



Fkj. i.j. Blood-cells that eat, or phagocytes, from a 
naked sea-snail greatly maijMiiiicd l w.is ilu- 

tirsl (o nl>scrvc in the hlnod-iells id this sn;iil tile iniport.'inl i.iil 
that "the hlond-eells of the imerteln.iles are unproteeted jiieies 
ol pl.isni, and t.iki’ in ioiiil, hv means of (heir peeiili.ir movi- 
nients, like the .mueh.e,” 1 had (in N.ipics, on Itl.iv mth, 
injeelrtl into (he hloott-\essel.s oi oiieot thesi snails an infusion 
ot w.iter and ground indi|'0. .iiid u.is ^re.itlv aslonislied to lind 
thi blood-eeils tlieniseKes inori or less filled with the paiticles 
of indiyo lifter ,i lew lioiirs. Alter repe.iled mieetions 1 
■siieieeded in "observinjf (he very entraiuv ol the eoloiired 
particles in the hlood-eells, vvhieh loi>k pl.iee just in the same 
wav <is witli Ihe aina'h.i" 1 have (,'1x111 Inrlher p.'ulieular.s 
about this in mj Mofwgmph on the Radtolttmi. 
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CONCEPTION 


The rocoffnition of the fad lhat every 
man hejfins his individual exislcnce as a 
simple cell is the solid foundation of all 
research into the genesis of man. Krom 
this fact we are forced, in virtue of our 
biogenetic law, to draw the weight}- 
phylogenetic conclusion that the earliest 
ancestors of the human race were also 
unicellular organisms ; and among these 
protozoa we may single out the vague 
form of the amceba as particularly impor¬ 
tant (cf. Chapter VT.). That these unicel¬ 
lular ancestral forms did once exist follows 
directly from the phenomena which vve 
pc'-rceive every day in the fertilised o\ um. 
The development of the multicellular 
organism from the ovum, and the forma¬ 
tion of the germinal layers and the tissues, 
follow the same laws in man and all the 
higher animals. It will, therefore, he our 
next task to ci>nsider more closely the 
impregnated ovum and the process of 
conception which produces it. 

The process of impregnation or sexual 
conception is one of those phenomena lhat 
people love to conceal behind the mystic 
veil of supernatural pow-er. We shall 
soon sec, however, that it is a piirclv 
mechanical process, and can be reduced 
to familiar physiological functions. More¬ 
over, this process of conception is of 
the same type, and is elTected by the 
same organs, in man as in all the olher 
mammals. The pairing of the male and 
female has in both cases for its main 
purpose the introduction of the ripe- matler 
of the male seed or sperm into the female 
body, in the sexual canals of which it 
enit)un(ers the ovum, t’oiiception then 
ensues by the blending of the two. 

We must observe, first, that this imptir- 
tant process is by no means so widely 
distributed in the animal and plant world 
as is commonly supposed. There is a 
very large number of low'er organisms 
which propagate unsexually, or by 
monogohy; these are especially the 
sexless monera (chrornacea, bacteria, 
etc.), but also many other protists, such 
as the amoebae, foraminifena, radiolaria, 


myxomyceta', etc. In these the multipli¬ 
cation of individuals lakes place by 
unsexual reprv^duction, which takes the 
form of cleavage, budding, or spore- 
formation. The copulation of two coales¬ 
cing celK, which in these cases often 
precedes the repri>ductioii, cannot be 
regarded as a sexual art unless the 
two copulating plastids dilTer in size or 
structure. On the other hand, .sexual 
reproduction is the general rule with all 
the higher organisms, both anim.al and 
plant ; wry rarel} do we find .'isexual 
reproduction among them. There are, 
in particular, no cases of parthenogenesis 
(virginal conception) aiiKwig the verte¬ 
brates. 

.Sexual reproduction oilers an infinite 
variety of interesting fi>rms in the dif¬ 
ferent classes of animals and plants, 
especially fis regards the mode of concep- 
tit)n, and the* conveyance of the spermato¬ 
zoon to the ovum. These features ;ire 
of great importance in')! only as regards 
conc'eption itself, but lor the development 
of the' organic fortii, and especially lot the 
dilTercMitialion of the se.xes. There is a 
particularly curious correlation ol pl.ints 
and .animals in this respect. The splendid 
studies of Charles Darwin and Hermann 
Muller on the fertilisation (»f Iktwers by 
insects have given us very interesting 
particulars of this.' This reciprocal 
.service hns given rise to a most intricate 
sexual appar.'itns. Equally elaborate 
structures b.'ive been developed in man 
and the higluT anim.'tls, serving partly 
for the isolation of the si-xual pniducts 
on each side, partly lor bringing them 
together in conception. Hut, however 
interesting these phenomena arc in them¬ 
selves, we cannot go into them here, 
as they have only a minor irnporliince— 
if any at all—in the real process of 
conception. We must, however, try to 
get a very clear idea of this process and 
the meaning of sexual reproduction. 

• See D.irwm‘s work, On the Vartous Contrivances 
by vuhich Orchids are Fertilised I ;86a). 

D 
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In every act of conception we have, as 1 | 
said, to consider two different kinds of; 
cells—a female and a male cell. The , 
female cell of the animal orj^anism is ; 
always called the ovum (or in'ulum, ejjf^, 
or ej^jf-cell) ; the male cells are known as 
the sperm or seed-cells, or the sperma¬ 
tozoa (also spermium and zt)ospermium). i 
The ripe ovum is, on the whole, one of 
the larjj^est cells we know. It attains , 
colossal dimensions when it absorbs ^reat ' 
quantities of nutritive yelk, as is the case 
with birds and reptiles and many of the 
fishes. In the j^reat majority of the 
animals the ripe ovum is rich in yelk and 
much larger than tlie other cells. On 
the other hand, the ne.\t cell which we 


Firstly, they are extraordinarily small, 
bein^ usually the smallest cells in the., 
body ; and, secondly, they have, as a rule, 
a peculiarly lively motion, which is known 
as sperm,ito/i>ic motion. The shape of 
the cell has a ^ot)d deal to do with this 
motion. In most of the animals, and 
also in many of the lower plants (but not 
the hif^Hier), each of these spcrrruitozoa 
has a \cry sm.ill, naked cell-body, 
enclosiiii^ an elontf.'ited nucleus, and a,., 
loni^ til read hanj^int; from it (Fig. 20). 

It w;is long before we could^ recogni.se 
that these structures are simple cells, 
'i'hey weie formerly held to be special 
org.misms, .ind were called “seed 
animals" (sperm.ato-zoa, or spermato- 



Fus 30 -Spermia or spermatozoa of various mammals. The- pc-.-ir-sliapod fl.ntionc'J miclous is 

.et-n from thv front in A niid sidi'w.'iys m // k is tin- micU-iis, m its innldk- p.n I (prolopl.i.sm), tho mobile, 
•erpenl-liko tiiil (or whip); M tour hiim.iii spei ni.ilo/o.i, , I Jour spcnn.itozo.i from the ape ; K from the rabbit; 
H from the mouse ; C Jrimi llie de>jf ; .S’ from the pip. 


have to con.sider in the process of concep- , 
tion, the male sperm-cell t>r sperm.itozoon, ; 
is one of the smallest cells in the animal 
body. Conception usually consists in the 
bringing into contact with the ovum of 
a slimy fluid secreted by the male, .and 
this may take pi,ace either inside or t)ut of 
the female body. This fluid is called 
sperm, or the male seed. Sperm, like , 
saliva or blood, is not a simple fluid, but 
a thick agglomeration of innumenible , 
cells, swimming about in a ctimparatively 
small quantity of fluid. It is not the fluid, 
but the independent male cells that swim 
it it, that cause conception. 

The spermatozoa of the great majority 
of animals have two characteristic features. 


zoidia); they are now scientific.ally known 
as spermla or spenn 'uiui, or as ipeimaf(>~ 
somata (seed-bj)dies) or spermaiojUa (seed 
threads). It look a good deal of com- 
parali\e reasearch tif convince us that 
each of these sperm.atozo.a is really a 
simple cell. They have the same shape 
:is in m,my other vertebrates and most of 
the invertebrates. However, in many of 
the lower animals they have quite a 
different sh.ape. Thus, for instance, in 
the craw fish they are Large round cells, 
without any movement, equipped with 
stilT outgrowths like bristles (Fig. 21 /). 
They have also a pecidi.ar form in some 
of the worms, such as the thread-worms 
(filana): in this case they are sometimes 
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aimcboid and like very Mii.ill ova 
21 c-e). But in most of llie lower 
animals (such as tlie spoiip;es and polyps) 
they have the same pine-cone shape as in 
man and the oilier mammals (h'i^. Ji 
a. h). 




Fri: 21. - Spermatozoa or spermidia of various 
&nimd.ls. ^rtom ) II o( .1 lish, A of a TuiIkI- 
Jana worm (\viih I mtU'-l.islu s), < ol a ium.i(4>clt 
worm (atiuvbouJ sperm.iti>/o.i). f liiun .i er.nv tisfi 
(star-sh.iptAi), i,^lroin tlio salain.oulti (N\itli iiiuliilalni^'' 
membrani X h ol an .inncbvl {n anj h .no liu iisn.il 

shape). 

When the Dutch n.ituralisi I.eiiiwen- 
hoek discoveied these ihiead-like livih 
particles iti 1677 in the male sperm, it was 
j^enerally heliexed that the) ei e spei iai, 
independent, tiny animak ules, like the 
infusoria, and (hat the whole mature 
organism evisted already, wilh all its 
parts, hut ver\ sm.ill and packed (oj^elher, 
in each spermatozoon (see p. 12). \\\> 

now' know that the mohile spermalozoa 
are nothinjr but simple and 1 eal cells, of | 
thekind that w'ec.all “ciliated ’’(eciuipped 
with lashes, or iilui). In the prexious 
illustrations we have dislin^uisheil in the 
spermatozoon a head, trunk, and tail. 
The “he.'id” (h'iK''. 20 X) is merely the 
oval nucleus of the cell ; (he bodv or 
middle-part (in) is an accumulation of 
cell-matter ; and the tail (s ) is :i thread¬ 
like prolongation of the same. 

Moreover, we now know that these 
spermatozoa are not at all a peculiar form 
of cell ; precisely similar cells are found 
in Various other parts of the body. If 
they hav'e many short threads projectiiif^, 
they are called ciliah'd; if only one lonf,>^, 
whip-shaped process (or, more larely, two 
or four), caudate (tailed) cells. 

Very careful recent e.vamination of the 
spermia, under a very hiji(h microscopic 
pow'er (Fi}^. 22 a, b), has detected some 
further details in the finer structure of the 


\ ciliated cell, and these are common to 
man and the anthropoid ape. The head 
(k ) encloses the elliptic nucleus in a thin 
envelope of cytoplasm ; it is .a little 
llatlened on one side, and thus looks 
rather pear-shaped from the front (h)> 
In (he central piece (m) we can distin- 
i^uish a short neck and a Ionf^er connective 
piece (with central bodv). The tail consists 
of .1 loiijL,'' main section (h) and a short, 
very fine tail (eJ. 

The process of fertilis.ition by .sexual 
lonception consists, therefore, es.senlially 
in the coalescence and fusing; tOft;ether 
of tw'o different cells. The lively sperma¬ 
tozoon travels towards the ovum by its 
serpentine movements, and bores its waj^ 
into the female cell (h'ii^. 2^). The nuclei 
of both siAual veils, .attracted by a certain 
“ .d'tinity,” approach each other and melt 
into one. 

riie fertilised cell is quite .'mother tiling 
liom (he unfertilised cell. Forifwcmust 
le^ard the spermia as real cells no less 
(h.m the ova, .ind the process of concep¬ 
tion .'IS a coalescence of the tw'o, W'c must 
loiisiiler (he result.'int cell as a quite new 
:md independent ori^anism. It be.'irs in 
(be cell and nuclear 
m.itter of the pene- 
I tratiiifjf spermatozoon 
a p.'irl of the father’s 
body, and in the pro¬ 
toplasm and caryo- 
plasm of the ovum a 
part of the mother’s 
Ivody. This is clear 
from (he fact that the 
I hi Id inherits many 
features from both 
parents. It inherits 
from the father by 
mcaiis of the sperma¬ 
tozoon, ;md from the 
mother by means of 
the ovum. The 



Fio. 22.—A single human spermatozoon magni¬ 
fied 2,u(x> time's ; .1 stinws it from the broader and b 
from the narrower side, ir bend (with nucleus), m 
middle-stem, A long-stem, and r tail. (From A‘eizius.\ 
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actual blendinfj of the two cells produces 
a third cell, whit h is the of the 

child, or the new orfj^anisni conceived. 
One may also say of this sexual coales¬ 
cence that the sU’ni-celJ is a simple herma¬ 
phrodite ; it unites both sexual substances 
•in itself. 

1 think it necessary to emphasise the 
fundament.'il importance of this simple, 
but often unappreciated, feature in order 
to have a correct and clear idea of concep¬ 
tion. With that end, I have j^iven a 
special name to the new cell from which 
the child developes, and which is t^ene- 
rally loosely called “ the fertilised ovum,” 
or “the hrst sef^menlation sphere.” 1 
call it “the stem-cell” (cytula). The 
name “ stem-cell ” seems to me the 
.simplest and most suitable, because all 
the other cells of the body are derived 



Fig. 23.— The fertilisation of the ovum by the 
spermatozoon (of a inainni.il). Ono of tlic man}' 
tlireaU-likc. lively spcrmidi.i pitTci-s throuffti .i line 
pore-caiml into the nuclear yelk. 'I'he nucleus of the 
ovum is invisible, 

from it, and because it is, in the strictest 
sense, the stem-father and stem-mother 
of all the countless freneralions of cells 
of which the multicellular orji;‘anisiii 
is to bo composed. That complicated 
molecular movement of the protoplasm 
which we call “life” is, naturally, some¬ 
thing quite different in this stem-cell from 
what we find in the two parenl-cells, from 
the coalescence of which it has issued. 
The J,ife of the stem-cell or cytula is the 
product or resultant of the paternal life- 
movement that is conveyed in the spermato- 
Boon aiid the maternal life-movement that 
is contribtited by the ovum. « 

The admirable work done by recent 
observers has shown that the individual 
development, in man and the other 
animals, commences with the formation 


of a simple “ stem-cell ” of this character, 
and that this then passes, by repeated 
segmentation (or cleavage), into a cluster 
of cells, known as “the segmentation 
sphere” or “segmentation cells.” The 
process is most clearly observed in the 
ova of the echinoderms (star-fishes, sea- 
urchins, cic.). The investigations of 
Oscar and Richard Hertwig were chiefly 
directed to these. The main results,may 
be summed up as follow's :— 

Conception is preceded by certain pre¬ 
liminary changes, which arc very neces¬ 
sary—in fact, usually indispensable—for 
i t s occurrence. They are comprised under 
the general heading of “Changes prior 
to impregnation.” In these the original 
nucleus of the ovum, the germinal vesidle, 
is lost. Part tif it is extruded, and part 
dissolved in the cell contents ; only a very 
small part of it is left to form the basis of 
a fresh nucleus, the pronucleus femininus^ 
It is the latter alone that combines in 
conception w'ith the invading nucleus of 
the fertilising spermatozoon (the pronu¬ 
cleus masciilinus). 

The impregnation of the ovum com¬ 
mences with a decay of the germinal 
vesicle, or the original nucleus of the 
ovum (Fig. 8). We have seen that this 
is in most unripe ova a large, transparent, 
round vesicle. This germinal vesicle 
contains a viscous fluid (the caryolymph). 
rile linn nuclear frame (caryobasis) is 
formed of the enveloping membrane and 
a mesh-w'ork of nuclear threads running 
across the interior, which is filled with 
the nuclear .sap. 1 n a knot of the network 
is contained the dark, stiff, opaque nuclcSlr 
corpuscle or nucleolus. When the im¬ 
pregnation of the ovum sets in, the greater 
part ol the germlmil vesicle is dissolved 
in the cell ; the nuclear membrane and 
mesh-wa>rk disappear ; the nuclear sap is 
distributed in the protoplasm ; a small 
portion of the nuclear base is extruded ; 
another small portion is left, and is con¬ 
verted into the secondary nucleus* or the 
female pro-nucleus (Fig. 24 e k). 

The small portion of the nuclear base 
which is extruded from the impregnated 
ovum is know’ll as the “ directive bodieS” 
or ‘ ‘ polar cells ”; there are many disputes 
as to their origin and significance, but 
we are as yet imperfectly acquainted with 
them. As a rule, thej' are two small ' 
round granules, of the same size and 
appearance as the remaining pro-nucleus. 
They are detached cell-buds ; their separa¬ 
tion from the large mother-cell takes 
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{^lace in the same way as in ordinary 
“indirect cell-division.” , Hence, the 
polar cells are probably to be conceived 
as “ abortive ova,”or “rudimentaryova,” 
which proceed \from a simple orig-inal 
ovum by cleavage in the same way tliat 
several sperm-cells arise from one ‘ ‘ spenn- 
mother-cell,”in reproduction from sperm. 
The male sperm-cells in the testicles must 
undergo similar changes in view of the 
coming impregnation as the ova in the 
female ovary. In this maturing of the 
sperm each of the original seed-cells 
divides by double segmentation into four 
daughter-cells, each furnished with a 
fourth of the original nuclear matter (the 
hereditary chromatin) ; and each of these 
four descendant ceils becomes a 
soon, ready for impregnation. Thus is 
prevented the doubling of the chromatin in 
the coalescence of the two nuclei at con¬ 
ception. As the two polar cells are ex¬ 
truded and lost, and have no further part 
in the fertilisation of the ovum, we need 
not discuss them any further. Hut we 
must give more attention to the female 
pro-nucleus which alone reinaitis after the 
extrusion of the polar cells and the dis¬ 
solving of the germinal vesicle (Fig. 23 c k). 
This tiny round corpuscle of chromatin 
now acts as a centre of attraction for the 
invading spermatozoon in the large ripe 
ovum, and coalesces with its “head,” the 
male pro-nucleus. The product of this 
blending, which is the most important 
part of the act of impregnation, is the 
stem-nucleus, or the first segmentation 
nucleus (archicaryon )— that is to say, the 
nucleus of the new-born embryonic stt*m- 
cell or “ first segmentation cell.” This 
stem-cell is the starting-point of the sub¬ 
sequent embryonic processes. 

Hertwig has shown that the tiny trans¬ 
parent ova of the echinoderms are the 
most convenient for following the details- 
of this important process of impregnation. 
We can, in this case» easily and success¬ 
fully accomplislt artificial impregnation, 
and follow the formation of the stem-cell 
step by step within the space of ten 
minutes. If we put ripe ova of the star¬ 
fish or sea-urchin in a watch-glass with 
sea-water and add a drop of ripe sperm- 
fluid, we find each ovum impregnated 
within five minutes. Thousands of the 
fine, .mobile ciliated cells, which we have 
described as “ sperm-threads ” (Fig. 20), 
make their way to the ova, owing to a 
sort of chemical sensitive action which 


these innumerable spermato7.oa is chosen 
-namely, the one that first reaches the 
ovum by the serpentine motions of its 
tail, and touches the ovum with its head. 
At the spot where the point of its head 
touches the .surface of the ovum the 
protoplasm of the latter is raised in the 
form of a sm.all w'art, the “ impregnation 
rise” (Fig. 25 . 1 ). The spermatozoon 
then bores its way into this with its head, 
he tail outside wriggling about all the 
lime (Fig. 25 Ji, C). Presently the tail 
ilso disappears within the ovum. At the 
.same lime the ovum .secretes a thin 
external yelk-membrane (Fig. 25 f’), 

starting from the point of impregnation ; 

nd this prevents any more spermatozoa 
from entering. 

Inside the impregnated ovum we now 
sec a rapid .series of most important 
changes. The pear-shaped head of the 



Fig. 1:4 - An impregnated echinoderm ovum, 

with sni.ill honii>g'L-nc-uus nude-us (e h). (From 
Hertwig.) 


sperm-cell, or the “head of the sperma¬ 
tozoon,” grt)ws larger and rounder, and 
is converted into the male pro-nucleus 
(Fig. 2b s k). This has an attractive 
influence on the fine granules or par¬ 
ticles which are distributed in the proto- 
pla.sm of the ovum; they arrange ihem- 
.selves in lines in the figure of a star. 
But the atlr.'iction or the “affinity” 
between the two nuclei is even stronger. 
They move towards each other inside 
the yelk with incre;ising speed, the 
male (Fig. 27 s Z-) going more quickly 
than the female nucleus (e k). The liny 
male nucleus takes with it the radiating 
mantle which spreads like a stAr about it. 
At last the Iwo .sexual nuclei touch (usually 
in the centre of the globular ovum), lie 
close together, are flattened at the iK7ints 
of contact, and coalesce into a comtpon 


may be called “ smell.” But only one of mass The small central particle of 
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nuclein which is formed fr^mi tliis com¬ 
bination of the nuclei is tlie stem-nucleus, 
or the first sej^meiUation nucleus ; (he 
new-formed cell, the product of (he im- 
pre|4^nation, is our stem-cell, or “ first 
sef^’inentatioii sphere” (Kif^. 2). 

Hence the one essential point in the 
process of sexual reproduction or impreg¬ 
nation is (he formation of a new cell, the 
stem-cell, by the combination of two origi¬ 
nally different cells, the female ovum and 
the male spermato/oon. 'I'his process is 
of the hif^hesl importance, and merits our 
closest attention ; all that happens in the 
later development of this first cell and in 
the life of the orj^anisin that comes of it 
is determined from the first b)' the chemi¬ 
cal and morpholofji^ical composition of the 
stem-cell, its nucleus and its body. We 
must, therefore, make a very careful 


niuleus the fuiution of jjeneration and 
heredity, and ^1 the nutritive protoplasm 
(hi- duties of nutrition and adaptation. 
As, moreover, there is a complete coales¬ 
cence of the mutually attracted nuclear 
substances in conception, and tin; new 
nucleus foinied (the stem-nucleus) is the 
real startiiif^-poiiu for (he development of 
(he fresh oti^anisni, the furtlier lonclusion 
may be drawn that the male nucleus 
C4)nve\s to the child the c|ualilies of (he 
father, and the female nucleus the features 
ot (he mother. We must not forget, 
however, that (he protopla'.mic bodies of 
the copulating l ells also fuse toi^ether in 
Jhe -ict of impie^nation ; the cell-body of 
(he invadini^ spermato/oon (the trunk and 
(ail of (he m.ile ciliated cell) is dissolved 
in the yelk of the female ovum. This 
coalescence is not so important as that of 


A 



Fiti. 2^;.- Impregnation ot the ovum of a star-flsh. (l•'nlIIl /fii-hvia ) Onl> sm.ill p.irt of the 

surfiuv of the OMini IS sht>wii. One of the nunieroiis sjh nii.ilo/tsi .ipproaches the “ iiiij '^nalioii wsv " ( 
touches it ( anti lhvi\ peiielratts into the piolt>phisni ot the ovum (( ) 


study of the rise and structure of the stem- 
cell. 

The first question that arises is as to 
the behaviour of the two dilTerent active 
elements, (he nucleus .and the protopl.ism, 
in the actual coalescence. It is obvious 
that the nucleus plays the more important 
part in this. Hence llertwii.i; puts his 
theory of conception in the principle: 
“Conception consists in the copulation of 
two ccll-nuclei, which come from a male 
and a female cell.” .And as the pheno¬ 
menon of heredit y is in.separabh connei'ted 
with the reproductive process, w'e may 
further conclude that these tw'o copu¬ 
lating nuclei “convey the characteristics 
which are transmitted from parents to 
offspring.” In this sense I had in iSbb 
(irr- the ninth chapter of the General 
Morphology) ascribed to the reproductive 


the nuclei, hut it must not be overlooked ; 
and, though this process is not so well 
known to us, we see clearly at le.'ist the 
formation of the star-like figure (the radial 
arrangement of the part ivies in the 
pl.'isma) in it (Figs. 2(> 27). 

The older theories of impregnation 
generally went ;istr.a\ in regarding the 
large ovum as the sole b.ase of (he new 
organism, and only ascribed to the sperma¬ 
to/oon the work of stimulating and 
originating its development. The stimu¬ 
lus wliiih it gave to (he ovum was some¬ 
times thought to be purely chemical, at 
other times rather physical (on the prin¬ 
ciple of^ transferred movement), or again 
a mystic and transcendental process. 
Ihis error was partly due to ’the imper¬ 
fect knowledge at that time of the facts 
of impregnation, and partly to the striking 
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difference in the sizes of (ho two sexual 
cells. Most of the earlh?r observers 
thougfht that the sperniato/ooii did ni>( 
penetrate into the ovum. And even when 
this had been demonsirated, the sperma¬ 
tozoon was believed to disap|H'ar in the 
ovum without leaving’ a trace. However, 
the splendid research made in the last 
three decades with (he liner technical 
methods of our time has completely 
evposed the error of tins. It has been 
.shown that the tiny sperm-cell is m)t 
suhoniinnti'ii to, but co-oniinatcit -.oith, the 
larfije ovum. The iiuclei of (he two cells, 
as the vehicles of the heredit.iry features 
of the parents, ai e of equ.il ph\ sioUytjical ' 
importance. In some cases we have 
suci:ccded in proviiif^ that the mass 
of the active nuclear substance which ' 
combines in the copulation of the two ^ 


The strlkinj^ differences of the respective 
sexual cells in size and shape, which 
occasioned tlie erroneous views c»f earlier 
scientists, are easily explained on the 
piinciple of division of labour. The 
inert, motionless ewurn j'rows in size 
aevordint^’ to the quantity of provision it 
stewes up in (he form of nutritive yelk for 
the development of the ^erm. The active 
swimming sperm-i'ell is reduc'ed in size 
in proportion to its luvd to seek the ovum 
and bore its wav intet its yelk. The.se 
dilfercMices are very conspicuous in the 
higher anim.ils, but they are much less 
in the lower .anim.ils. In those protists 
(unicellular pl.ints .ind animals) which 
have the first rudiments of sexual repro¬ 
duction the two copulatinttf cells are at 
first quite eciual. In these cases the act 
of imprei^n.ition is nothinjj more than a 
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I'll. jf<. 27. 

Impregnation of the ovum of the sea-urchin. (I iom Urrhviir) In 26 tlic littiL- sperm-niu-lcu.s 
f .vX".) movi's tow.irds tin-t.iiKi'i mn li’iis of tin.'o\inn f > In 27 tiioj lU'.irty toiu'li, .inJ .irn .surronnJed by 
the radiating; ni.nilk of piolopl.cMii 




sexual nuclei is orlqin.illy (he same for i 
both. 

The.se morpholoq^ic'al f.ictsarein perfect 
harmony with the familiar pli\sioloqical 
truth that the child inherits from both 
parents, and th;it on the averaj^e they 
are equally distributed. I .say “ on the 
average,” because it is well known th.at a 
child may have a {greater likeness to the 
father or to the mother ; that i^^oes without 
sayiiif^^, as far as the primary sexual ch.ir- 
acters (the sexual g’larids) are concerned. 
But it is al.so possible that the determina¬ 
tion of the latter — the weighty deter¬ 
mination whether ll.e child is to be a boy 
or a girl—depends on a slight qualitative 
or quantitative difference in the nuclein 
or the coloured nuclear matter which 
which comes from both parents in the act 
of conception. 


sudden t^nmtJi, in which the originally 
simple cell doubles iis volume, and is 
thus prepared for reproliuction (cell- 
division;. Afterw.'U'ds slight differences 
are seen in the size of the copulating 
cells; though the smaller ones still have 
the same shfipe as the larger ones. It 
is only when the difference in size is 
very pronounced that a notable difference 
in .shape is found : the sprightly sperm¬ 
cell changes more in shape and the ovum 
in size. 

Quite in harmony with this new con¬ 
ception of the equivalence of the tijqo 
gonads, or the equal physiological Irn- 
portance of the male and fema'!^,^sex-cells 
and their equal share in the.process of 
heredity, is the important fact established 
by Hertwig (1875), that in normal impreg¬ 
nation only one single spermatozooa 
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copulates with one ovum ; the membrane 
which is raised on the surface of the yelk 
immediately after one sperm-cell has 
penetrated 25 C) prevents any 

others from entering. All the rivals of 
the fortunate penetrator are excluded, 
and die without. But if the ovum passes 
into a morbid state, if it is made stiff by 
a lowering’ of its temperature or stupefied 
with narcotics (chloroform, morphia, 
nicotine, etc.), two or more spermatozoa 
may penetrate into its yelk-body. We 
then witness polyspermism. The more 
Hertwig chloroformed the ovum, the 
more spermatozoa were able to bore their 
way into its unconscious body. 



Fio. 2 S.—Stem-cell Of a rabbit, nmenifittl jcm 
timeh. In tlif ivntrcot tlu' (fr.iimlar pioU>plif.in tvl tlic 
fiTtiliMtl oMim (ti) is si'iMi llio little, briffht stem- 
niieleiis. j is the t>volemin.i, with ;i inueDiis nietn- 
braiie (h). s are Jei-id spi-i-in.it»/i>a. 

These rem.-irkable facts of impregnation 
sire silso of thc^resxtest interest in psycho- 
logy, especisilly sis regsirds the theory of 
the cell-soul, which 1 consider to be its 
chief foundsition. The phenomensi we 
have descrilied csin only be understood 
Sind explained by siscribing si certain lower 
degree of psychic sictivity to the sexiisil 
principles. They feel esich other’s proxi¬ 
mity, and sire drsiwn together by si sensi¬ 
tive impulse (probsibly relsited to smell) ; 
they move towsirds each other, and do not 
rest until they fuse together. Physio¬ 
logists may say that it is only a question 
of a peculiar physico-chemical pheno¬ 
menon, and not a psychic action ; but the 
two cannot be separated. Even the 
psychic functions, in the strict sense of 
the word, are only complex physical 


processes, or " psycho - physical ” phe¬ 
nomena, whith are determined in all 
cases exclusively by the cliemical com¬ 
position of their material substratum. 

The monistic view of the matter becomes 
clear enough w'hen we remember the 
radical importance of impregnation ks 
regards heredity. It is well known that 
not only the most delicate bodily struc¬ 
tures, but also the subtlest traits of mind, 
are transmitted from the parents to the 
children. In this the chromatic matter 
of the male nucleus is just as important 
a vehicle as the large caryoplasmic sub¬ 
stance of the female nucleus ; the one 
transmits the mental features of the father, 
and the other those of the mother. Tfi® 
blending of the two parental nuclei deter¬ 
mines the individual psychic character of 
the child. 

But there is another important psycho¬ 
logical question—the most important of 
all “that has been definitely answered by 
the recent disco\eries in connection with 
conception. This is the question of the 
immortality of the soul. No fact throws 
more light on it and' refutes it more con¬ 
vincingly than the elementary process of 
conception that we have described. For 
this copulation of the two sexual nuclei 
(Figs. 2(> 27) indicates the precise moment 
at which the individual begins toexist. All 
the bodily and mental featuresof the new¬ 
born child are the sum-total of the heredi¬ 
tary qualities which it has received in 
reproduction from parents and ancestors. 
All that man acquires afterwards in life 
by the exercise of his organs, the influence 
of his environment, and education—in a 
word, by adaptation—cannot obliterate 
that general outline of his being which 
he inherited from his parents. But this 
hereditary disposition, the essence of 
every human soul, is not “ eternal,” but 
“temporal”; it comes into being only at 
the moment wdien the sperm-rtucleus of 
the father and the nucleus of the maternal 
ovum meet and fuse together. It is 
clearly irrational to assume an “eternal 
life without end ” for an individual pheno¬ 
menon, the commencement of which we 
can indicate to a moment by direct visual 
observation. 

The great importance of the process of 
impregnation in answering such ques¬ 
tions is quite clear. It is true that 
conception has never been studied micro¬ 
scopically in all its details in the human 
case—notwithstanding its occurrence at 
every moment—for reasons that are 
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obvipus enough. However, the two cells 
which need consideration, the female ovum 
and the male spermatozoon, proceed in 
the case of man in just the same way as 
in all the other mammals ; the human 
fuetus or embryo which results from 
copulation has the same form as with the 
other animals. Hence, no scientist who 
is acquainted with the facts doubts that 
the processes of impregnation arc just the 
same in man as in the other animals. 

The stem-cell which is produced, and 
with which every man begins his career, 
cannot be distinguished in appearance 
from those of other mammals, such as the 
rabbit (Fig. 28). In the case of man, 
also, this stem-cell differs materially from 
the original ovum, both in regard to form 
(morphologically), in regard to material 
composition (chemically), and in regard 


to vital properties (physiologically). It 
comes partly from the father and partly 
from the mother. Hence it is not sur¬ 
prising that the child who is developed 
from it inherits from both parents. The 
vital movements of each of these cells 
form a sum of mcchaniail processes 
which in the last anaivsis are due to 
movements of the smallest vital parts, or 
the molecules, of the living substance. 
If we .agree to call this active substance 
plassoti, and its molecules plastidules, we 
may say that the individu.al physiological 
character of each of these cells, is due 
to its molecular plastidule-movement. 
Hence, thr plastitiulc-nunvment of the 
cytula is the resultant of the combined 
plastiduh'-movements of the female (rvum 
and the male sperm-cell. 


Chapter VIII. 


THE GASTR^A THEORY 


There Is a substantial agreement through¬ 
out the animal world in the first changes 
which follow the impregnation of the ovum 
and the formation of the stcm-cell ; they 
begin in all cases with the segmentation 
of the ovum and the formation of the 
germinal layers. The only exception is 
foqnd in the protozoa, the very lowest and 
simplest forms of animal life ; these 
remain unicellular throughout life. To 
this group belong the amcebre, gregarlnai, 
rhizopods, infusoria, etc. As their whole 
organistn consists of a single cell, they 
can never form germinal layers, or 
definite strata of cells. But all the other 
animals—all the tissue-forming animals, 
or metazoa, as we call them, in contra¬ 
distinction to the protozoa—construct real 
germinal layers by the repeated cleavage 
of the impregnated ovum. This we find 
in the lower cnidaria and worms, as well 


as In the more highly-developed molluscs, 
echinodenns, articulates, and vertebrates. 

In all these metazo.'i, or multicellular 
animals, the chief embryonic processes 
arc substantially alike, although they 
often seem to a superficial observer to 
differ considerably. The stem-cell that 
proceeds from tne impregnated ovum 
always passes by repeatcxl clefivagc into 
a number of simple cells. These cells 
are .all direct descend,ants of the stem- 
cell, and are, for reasons we shall see 
presently, c<a]lcd segmentation-cells. The 
repeated cleavage of the ste^n-cell, which 
gives rise to these segmentation-spheres, 
has long been known a^ “segmenta¬ 
tion.” Sooner or later the segmenta¬ 
tion-cells join together to form a round 
(at first, globul.ar) embryonic sphere 
(blastula) ; they then form into two very 
different groups, and arrange themselves 


* The plasson of the stem-cell or cytula may, from the anatomical point of view, be regarded as homo- 

g eneoua and structureless, like that of the monera. This is not inconsistent with our hypothetical ascription 
> ttie plutidules (or molecules of the plasson) of a complex molecular structure. The complexity of this is the 
aproater in proportion to the complexity of the ortraniam that is developed from it and the It^ng^th of the chain of 
its ancestry, or to the multitude of antecedent processes of heredity a<^ adaptation. 
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in two soparato strata - the two primary 
germinal layers. These eiult>se a dif^es- 
tivc cavity, the primitive j^ut, with an 
openiiif^, the primitive mouth. We j^ive 
the name of ^\\c gastmla to the important 
embryonic form that has these primitive 
organs, and the name t)f ga.\trulaiion to 
the formation of it. Tliis oiitof^enetic 
process has a very frieat sif^nificance, 
and is the real starting-point of the 
construction of the multicellular animal 
bt)dy. 

The fundamental embryonic processes 
of the« cleavage of the ovum and the 
formation of the ijerininal layers have 
been very tlioroug^hly studied in the last 
thirty years, and their real sij^niticance 
has been appreciated. They present a 
strikiiif;^ variety in the dilferent groups, 
and it was no light task tt) prove their 
essential identity in the whole animal 
world. Hut since 1 formulaled the 
gastra*a theory in 1K72, and afterwards 
(1S75) reduced all the various forms of 
segmentation and gasti ulatitm t<.> one 
fundamentiil type, their identity may be 
said to have been established. We have 
thus mastered the law of unity whith 
governs the first embryonic pnxesses in 
all the animals. 

Man is like all the other higher ;inim.ils, 
especially the apes, in regard to these 
earliest and most important processes. 
As the human embryo does not essentially 
differ, even at a much later stage of 
development- when we already perceive 
the cerebral vesicles, the eyes, e.irs, gill- 
arches, etc.—from the similar forms of 
the other higher mammals, we may con¬ 
fidently assume that they agree in the 
earliest embryonic proi'esses, segmenta¬ 
tion and the formation of germinal lajers. 
This has not yet, it is true, been estab¬ 
lished by observ'ation. We have never 
yet had occasion to dissect a woman 
immediately after impregnation and 
examine the stem-cell or the segmenta¬ 
tion-cells in her oviduct. However, as 
the earliest human embryos we have 
examined, and the later and more 
developed forms, agree with those of the 
rabbit, dog, and other higher mammals, 
no reasonable man will doubt but that 
the .segmentation and formation of layers 
are the same in both cases. 

But the special form of .segmentation 
and layer formation which we find in the 
mammal is by no means the original, 
simple, palingenetic form. It has been 
much modified and cenogenetically 


altered hy a very comple'x adaptation to 
embrjonic conditions. We cannot, there¬ 
fore, understand it altogether in itself. 
In order to do this, vv'e have to make a 
iomparaiive study of segmentation and 
layer-formation in the animal world ; and 
we have especially to seek the original, 
palingenctu form from which the modified 
cenogenctii (see p. 4) form has gradually 
bet'O developed. 

This original un.altered form of seg¬ 
mental ion and layer-formal ion is found 
to-day in only one case in the vertebrate- 
stem to which m.in belongs the low’cst 
and oldest member of the stem, the 
wondeilul l.mtelet or amphioxus (cf. 
Cdiaplers \V 1 . and XV^II.). But we find 
a precisely similar palingenetic form of 
embryonic development in the case of 
manv’ of the invertebrate animals, as, for 
instance, the remarkable ascidia, the 
pond-sn.'iil ( 1 .immeus), the arrow-w'orm 
( SayUta ), and many of the echinoderms 
:md cnid.iri.i, siuh as the common st.ar- 
fish and se.i-uiclim, many of the medusa; 
and corals, and the simpler sponges 
( Olynllim ). We may t.ike as an illus- 
liMtiiin the palingenetic segmentation and 
gc'i'ininal laver-rormation in an eight-fold 
insular coial, vvhiih 1 discovered in the 
Red .Sea, and described as Monoxenia 
Daneitm. 

The impregnated ovum of this coral 
(h'ig. ’() B) first splits into two equal 
cells (C). First, the nucleus of the .stem¬ 
cell and its central Inidy divide into twm 
h.'dves. These recede from and repel 
each other, and act .is centres of attraction 
on the sjrrounding protoplasm ; in con- 
.sequence of this, the protoplasm is con¬ 
stricted by a circular furrow, and, in turn, 
divides into two halves. Kach of the 
two .segmentation-cells thus produced 
splits in the same way into two equal 
cells. The four segmentation-cells (grand¬ 
daughters of the stem-cell) lie in one 
plane. Now, however, each of them sub¬ 
divides into tvv'o equal halves, the cleavage 
of the nucleus again preceding that of the 
surrounding protoplasm. The eight cells 
which thus ari.se break into sixteen, these 
into thirty-two, and‘then (each being 
constantly halved) into sixty-four, 128, 
and .so on.* The final result of this 

‘ Tlic nvimbi'r of sfunn-ntatioii-celU thus produced 
iiu'reasi'.s (ri-omi'lricjiUy in the original gastrufation, or 
the puri'sl ji.ihnotienetic form of cleavage. However, 
in different .'iniin.'ils the number re.achcs a different 
Iieight, so th.'it the morula, .md also the blastula, may 
consist sometimes of thirty-two, sometimes ot sixty- 
four, and sometimes of or more, cells. 



Fig. Jt) GRStrulRtion of R COI*£ll ^ hfnywxf^mn fhtt'T.vnif/). A, H, (rv^uUi) or iniprc^^na^cd ovum* 

la Fi|r. A (inmucliali-lv .liter inipr«.-;jn.'itu>ii) ihi'niiiliMis IS iiiMsible In Kiff II l.i liItU'later) it is qiiiti-<Icar, C 
two sepmont.tlion-i'rlls. I) lniir si-^,'^iin-nt.'illoa-i'ills 1C iiiiillHTrt-ioini.itioii (iiuiriil.i) I'" blastospliere (blasUila), 
G blastul.'i (traasMTsi siiii.iti) 11 iKpiila. i)i luitlowi'il bl.istula (tr.'insviTse sirtion). 1 g.'islrula (luii(;il.udi<ULl 
section). K ff.islnil.i, or mi)-spli«Jrc. extcrn.'il .ippearanoc. 
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repeated cleavage is the formation of a 
globular cluster of similar segmentation- 
cells, which we call the mulberry-forma¬ 
tion or morula. The dfclls are thickly 
pressed together like the parts of a mul¬ 
berry or blackberry, and this gives a 
lumpy appearance to the surface of the 
sphere (Fig. K).“ 

When the cleavage is thus ended, the 
mulberry-like mass clianges into a hollow 
globular sphere. Watery fluid or jelly 
gathers inside the globule ; the segmenta- 
iion-cells are loosened, and all rise to the 
surface. There they arc flattened by 
mutual pressure, and assume the shape 
of truncated pyramids, and arrange them¬ 
selves side by side in one regular layer 
(Figs. F, (i). This layer of cells is called 
the germinal membrane (or blastoderm) ; 
the homogeneous cells which compose 
its simple structure arc called blastodermic 
cells; and the whole hollow spjicre, the 
walls of which are made of the preceding, 
is called the blastula or hlasiosphere.' 

In the case of our coral, and of many 
other lower forms of animal life, the 
young embryo begins at once to move 
independently and swim about in the 
water. A line, long, thread-like paaess, 
a sort of whip or lash, grows out of each 
blastodermic cell, and this independently 
executes vibratory movements, slow at 
first, but quicker after a time (Fig. F). 
In this waj' each blastodermic cell becomes 
a ciliated cell. The combined force of all 
these vibrating lashes causes the wdiolc 
blastulk to move about in ;i rotatory 
fashion. In many other animals, espe¬ 
cially those in which the embryo dcvelopes 
within enclosed membranes, the cili.ated 
cells are only formed at a later stage, or 
even not formod*at all. The blastosphere 
may grow and expand by the blastodermic 
cells (at the surface of the sphere) dividing 
and increasing, and more fluid is secreted 
in the inter^gil cavity. There are still 
to-day some organisms that remain 
throughout life at the structural stage of 
the blastula—hollow vesicles that swim 
about by a ciliary movement in the water, 

> Ttu' scR-mcntatlon-Cflls which make up the morul.i 
after the close ot the palingenpqc dcavape seem 
UMi.'tlly to be quite similar, and to present no ditfcrenccs 
as to si/e, form, .'ind composition. That, however, 
docs not prevent them from differenliatinp into animal 
and vcKCtativo colts, even durinif the cleavage. 

The hta.stul.'i of the lower .-inim.als must not be 
confused with the verv different htastula of the mammal, 
which i.s projH'rly calfisl the f'nxft'OrysHs or blasfocysiis. 
This cenof'eitetir g-iislrocy.slis and the falinmtetic 
blastula are sometimes very wron^jly comprised under 
the common name of bkistula or vesicula bl^stodcrmica. 


the wall of which is composed of a single 
layer of cells, such as tlhe volvox,/ the 
magospliiEra, synura, etc. We shaJl 
speak further of the great phylogenetic 
significance of this fact in the nineteenth 
Chapter, 

A very important and remarkable 
process now follows—namely, the curving 
or invagination of the blastula (Fig. H). 
The vesicle with a single layer of cells for 
wall is converted into a cup with a wall 
of two layers of cells (cf. Figs. G, H, I). 
A certain spot at the surface of the sphere 
is flattened, and then bent inward. This 
depression sinks deeper and deeper, 
growing :it the cost of the internarcavity. 
The latter decreases as the hollow deepens. 
At last the internal cavity disappears 
altogether, the inner side of the blastoderm 
(that which lines the depression) coming 
to lie clo.se on the outer side. At the 
same time, the cells of the two .sections 
assume different sizes and sliapes ; the 
inner cells are more round and the outer 
more oval (Fig. 1 ). In this way the 
embryo take.s the form of a cup or jar- 
shaped body, with a wall made up of two 
layers of colls, the inner cavity of which 
opens to (he outside at one end (the spot 
where the depression was originally , 
formed). We call this very important 
and iiilere.sting embryonic form the “cup- 
embryo ” or “ cu|vlarva ” {ffastrula. 
Fig. 21), I longitudinal .section, K external 
view). I have in my Natural History of 
Creation given the name of depula to the 
remarkable intermediate form which 
appears iit the passage of the blastula 
into the gastrula. In this intermediate 
stage there are two cavities in the embryo 
—the original cavity (blastocml) which 
is disappearing, and the primitive gut- 
cavity (pmgaker) which is forming. 

I regard the gastrula as the most' 
important and significant embryonic form 
in the animal world. In all real animals 
(that is, excluding the unicellular protists) 
the segmentation of the ovurn produces 
either a pure, primitive, palingenetic 
gastrula (Fig. 2q 1 , K) or an equally 
instructive ccnogenetic form, which has 
been developed in time from the first, 
and can be directly reduced to it. It is 
certainly a fact of the greatest interest 
and instructivencss that animals of the 
most different stems — vertebrates and 
tunicates, molluscs and articulates, echino- 
derms and annelids, cnidaria and sponges 
—proceed from one and the same embry¬ 
onic form. In' illustration I give ic'^V 
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gastrula forms from various jjroups ! 
of ^nimals (f'igs. 30 35, explanation 
given below each)'. ! 

In view of this extraordinary signifi- i 
cance of the gastrula, we must* make a ! 
Very careful study of its original structure. 
As a j-ule, the typical gastrula is ver\ 
small, being invisible to the naked eye, or 


'«3 

half round, or oven almost round, and 
in others lengthened out, or almost 
cylindrical. 

1 give the naijjc of primitive gut (pro- 
f^asti'r) ixwCi primithe mouth (prosloma) to 
the internal ca\ity of the gastrula-body 
and its opening; because this cavity is the 
first rudiment of the digestive cavity of 



Fig. 30. Fig. 33. 


Fig. 30 (A). —Gastrula of a very simple primitive-gut anlmah I’r gastrsead (gnstropliyscma). , 
Hifechet) 

FlO. 31 (R)- — Gastrula of a worm (Sag'itfa). (From KmvaU-vsky.) 

Fiq. 3a (C ).— Gastrula of an echinoderm (stcir-fish, HraUer). not completely foldud in (depul.'t). (From 
Alexander Ag:as.'!is.) 

Fra. 33 Gastrula of an arthropod (primitive cr;il>, Nau/>hns) (.-is 32). ‘If 

Fid, — Gastrula of a mollusc (pond-snail. hUrnttcus). (Fri>m Karl Raid.) 

■Fra. 35 "Gastrula of a vertebrate (lancelet, Amphioxus). (From Aoiwa/crwAj'.) (Front view.) 

In each figure d is the primitive-gut cavity, o primitive mouth, s segmentation-cavity, i'entoderm (gut-layer), 
e ectoderm (skin-layer). 


at the mo.st only visible as a fine point 
under very favourable conditions, and 
measuring generally xio to tU of an inch 
(less frequently Vd inch, or even more) in 
diameter. In shape it is usually like a 
roundish drinking-cup. Sometimes it is 
rather oval, at other times more ellipsoid 
or spindle-shaped; in some cases it is 


the organism, and the opening originally 
served to bike food into it. Naturally, 
the primitive gut and mouth change very 
considerably afterwards in the various 
classes ot animals. In most of the 
cnidaria and many of I he annelid .4 (worm¬ 
like animals) they remain unchanged 
throughout life. Hut in most of the 






THE GASTR.EA THEORY 


64 


higher animals, and so in the vertebrates, 
only the larger central part of tlie later 
alimentary canal devciopes from the primi¬ 
tive gut; the later mouth is a fresh 
development, the primitive mouth dis¬ 
appearing or changing into the anus. 
We must therefore distinguish carefully 
between the primitive gut atid mouth of 
the gastruLi and the later alimentary 
canal and mouth of the fully developed 
vertebrate.' 

The two layers of cells which line the 
gut-cavity and compose its wall ;ire of 
extreme importance. These two layers, 
which are the sole builders of the whole 
organism, are no other than the two 
primary germinal layers, or the primitive 


all the metazoa or multicellular animals. 
The .skin-layer forms the external skin, 
the gut-layer forms the internal skin or 
lining of the body. Between these two 
germinal layers arc afterwards developed 
the middle germinal layer (mesoderma) 
and the body-cavity (cwloma) filled with 
blood or lymph. 

The two primary germinal layers were 
first distinguished by I’ander in 1817 in 
the incubated chick. Twenty years later 
(i84q) Huxley pointed out th.it in many 
of the lower /.oophytes, especially the 
medus.'e, the whole body consists through¬ 
out life of these two primary germinal 
l.'ivers. Soon afterwards (1853) Allman 
introduced the names which have come 


// 




. t'uj. 36 ^Gastrulaor a lower sponge (olynthus). ./ t'Ktcm.i' , si*t'(u'n ilirougti tlu* 

axis, ^ primitivc-tjut c.ivily, o iiunith-a|XTtiiu-, / n-ll-l.ni-i (t-iilodc iidiihl.ist, 

r external celt-layer (outer I'enniiial layer, ectoderm, ectolil.isl, or skiii-l.n 


germ-layers. I have spoken in the intro¬ 
ductory section (Chapter 111 .) of their 
radical importance. The outer stratum 
is the skin-layer, or ectoderm (Figs. 
30 35^) I inner stratum is the gut- 
laycr, or entoderm (i). The former is 
often also called the ectoblast, or epiblast, 
and the latter the endoblast, or hypoblast. 
From these two primary j^ermirlal layers 
alone ts dcx'cloped the entire orj^anism of 

* My distinction (1872) between the primitive (jut and 
mouti) and the later perm.inent stomach f wc/nfffM'crJ 
and mouth (metastoma ) has been much erilicisisl; but 
it .is as much justified .as the distinction betwcfii the 
priOiitive kidneys and’ the permanent kidneys. Pro¬ 
fessor E. Ray-Lankester sugff^ested three >c.irs aller- 
wards (1875) the n.imc aechenteroit for the primitive 
gut, and bfasto/torus lor the primitive mouth, 


into general u.se ; he called the outer 
layer the eifoderm (“outer-skin”), and 
the inner the entoderm (“inner-skin”). 
But in iSby it w.is shown, particularly by 
Kowalevsky, from comparative observa¬ 
tion, that even in invertebrates, also, of 
the mi>.st different classes--annelids, 
molliisc.s, echinodernis, and articulates— 
the body is developed out of the same two 
primary layers. Finally, I discovered 
them (1872) in the lowc.st tLssuc-forming 
animals, the sponges, and proved in my 
gastrica theory that these two layers must 
be regarded as identical throughout the 
animal world, from the sponges and corals 
to the in.sects and vertebrates, including 
man. This fundamental “homology 
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[identity] of the prim.iry i^erinin.il lajers ■ 
and the primitive ’’has l>een loiifirined 
during- the last tliirly years by the careful ^ 
research of many able observers, and is ; 
now pretty generally admitted for the 
whole of the metazoa. | 

As a rule, the cells which compose the 
two primary germinal layers show appre- ' 
ciable difTerences even in the gasiriil.i 
stage. Generally (if not alwa\s) the cells ; 
of the skin-layer or ectoderm (Figs, ^(ic, i 
37 e) are the smaller, more numerous, i 
and clearer ; while the cells of the gut- | 
layer, or entoderm (i), are larger, less , 
numerous, and darker. The protoplasm i 
of the ectodermic (outer) cells is cle.irer 
aml firmer than the thicker and softer cell- 
matter of the enlt)dermic (inner) cells ; the 
latter arc, as .i rule, much richer in yelk- I 
granules (albumen and fatt\ particles) th.in 
the former. Also the cells of t he gut-l.-iyer 
have, as a rule, a stronger allinity for 
colouring matter, and take on ;i tinge in 
a solution of carmine, .aniline, etc., more 
quickly and appreciably tban I be l ells of 
the skin-layer The nuclei of the ento¬ 
derm-cells ar usually roundish, while 
those of the ectoderm-cells are ov.d. 

When the dt)ubling-process is complete, 
very striking histologi<;il difl'erences 
between the cells of the tvva) Layers .are 
fount^ (Fit?- .^7)- Fhe tiny, light ectoderm- 
cells (e) are sharply distitiguished from 
the larger .and darker entoderm-cells ( i). 
Frequently this differentiation of the cell- 
forms sets in at .i very early st.age, during 
the segment.ation-process, and is already | 
very appreciable in the bl.astul.a. 

We have, up to the present, only con¬ 
sidered that form of segmentation and 
g.astrulation which, for matiyand weighty 
re.asons, we in.ay regard as the original, 
primordial, or palingenetic form. We 
might c.all it “ equ.al ” or homogeneous 
segmentation, because the divided cells 
retain a resemblance to each other .at 
first (.and often until the formation of the 
blastoderm). We give the name of the 
“ bcll-gastrula,” or arrhijrasfrtt/ay to the 
gastrul.a that succeeds it. In just the 
same form as in the cor.al we considered 
{Monoxenia, Fig. 29), we find it in the 
lowest zoophyt.a (the gastrophysema, Fig. 
30), and the simplest sponges (olynthus, 
Fig. 36) ; also in many of the medusas 
and hydrapolyps, lower types of worms of 
various classes (brachiopod, arrow-worm, 
Fig. 31), tunic.ates (ascidia), m.any of the 
echinoderms (Fig^ 32), lower .articul.ates 
(Fig. 33). molluscs (Fig. 34), and, 


finally, in a slightly modified form, in 
the lowest vertebrite (the .amphioxus, 
Fig. 35 ). 

The gastrulation of the amphioxus is 
especially interesting because this lowest 
and oldest of .all the vertebrates is of the 
highest significance in connection with 
the evolution of the vertebrate stem, and 
therefore with that of man (compare 
Chapters XVI. and XVII.). Just as the 
comp.ar.itive anatomist traces the most 
el.dior.-ite features in the structures of the 
x.irious cl.isses of vertebrates to divergent 
development from this simple primitive 
\erlebr.ite, so comp.ar.ative embryology 
tr.ices t he\ arious second.iry forms of verte- 
br.ile ^.islrulalion to the simple, primary 
form.ition of the germinal Layers in the 



Fu. yj Cells from the two primary germinal 

layers t>l tin m.immal (frt)m biUli lavvrs of (he blastu- 
di’rm) / r .intl diirkfr rolls ot the inner stratum, 

llio vo^»’olal layoi or onttxlerm. e smaller and clearer 
colls from tlio out or stratum, the animal layer or 
I rtixlorin. 

.imphioxus. Although this formation, as 
distinguished from the cenogenetic modi¬ 
fications of the vertebrate, may on the 
whole be regarded as palingenetic, it is 
nevertheless different iu some features 
from the quite primitive g.astrul.ation such 
.as we h.ave, for instance, in the Monoxenia 
(Fig. 2q) and the Sajritta.. Ilatschek 
rightly observes that the segmentation of 
the ovum in the amphio.xus is not strictly 
equal, but almost equal, .and approaches 
the unequal. The difference in size 
between the two groups of cells continues 
to be very notice.able in the further course 
of the segmentation ; the smaller animal 
cells of the upper hemisphere divide more 
quickly than the larger vegetal cells of 
the lower (Fig. 38 A, li). Hence the 
blastoderm, which forms the single-layer 
vv.al! of the globuLar blaslula at the end of 
tbt* cleavage-process, does not consist of 
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hdmogeneous cells of equal size, as lit the 
Sa/fitta and the Munoxenia; the cells of 
<rthe upper half of the blastoderm (the 
mother-cells of the ectoderm) are more 
numerous and smaller, and tlie cells of 
the lower half (the mother-cells of the 
entoderm) less numerous and larger. 
Moreover, the segmentation-cavity of the 
blastula (Fig. 38 C, h) is not quite 
globular, but forms a flattened spheroid 
with unequal poles of its vertical axis. 
While the blastula is being folded into a 
cup at the. vegetal pole of its axis, the 


the blastoderm (or the increase of its cells) 
Ix'ing brisker on one side than on the 
other; the side that grows more quickly, 
and so is more curved (Fig. 39 7>), will be 
the anterior or belly-side, the opposite, 
flatter side will form the back (d). The 
primitive mouth, which at first, in the 
typical archigastrula, lay at the vegetal 
pole of the main axis, is forced away to 
the dorsal side ; and whereas its two lips 
lay at first in a plane at right angles to 
the chief axis, they arc now so far thrust 
aside that their plane cuts the axis at a 


difference in the size of the blastodermic 
cells increases (Fig. 38 /), E ); it is most 
conspicuous when the invagination is 
complete and the segmentation-cavity has 













sharp angle. Tlic dorsal lip is therefore 
the upper and more forward, the ventral lip 
the lower and hinder. In the latter, at 
the ventral passage of the entoderm into 

the ectoderm, there 
^ lie side by side a pair 

very large cellfe, 
one to the right and 
one to the left (Fig, 
39 p ): these are the 
important polar cells 
of ihe primitive 
mouth, or “the 
primitive cells of 
the mesoderm.” In 

• consequence of these 
considerable varia¬ 
tions arising in the 
course of the gastru- 
lalion, the primitive 
uni-axial form of the 
archigastrula in the 
amphioxus has al¬ 
ready become tri- 
axial, and thus the 
df two-sidedness, or 


Fia. -iS.—Gastrulatlon of the amphioxus, from Haturhek (vcrti&il section 
through the axis of the ovum). W, li, C three sUiges in the formation of the 
blastula ; /?, _/i curvinp of the blastula ; F complete gitslrula. A scipnentation- 
cavity. g primitive gut-cavity. 


bilateral symmetry, 
of the vertebrate 
body has already 
been determined. 


disappeared (Fig. 38 F). The larger j 
vegetal colls of the entoderm are richer in 
granules, and so darker than the smaller 
and lighter animal cells of the ectoderm. 

But the unequal gastrulation of the 
amphioxus diverges from the typical equal 
cleavage of the Saj^iVfa, the Monoxenia 
(Fig. 29), and the Ohnthus (Fig. 36), in 
another important particular. The pure 
archigastrula of the latter forms is uni¬ 
axial, and it is round in its whole length in 
transverse section. The vegetal pole of the 
vertical axis is just in tiie centre of the 
primitive mouth. This is not the case in 
the gastrula of the amphioxus. During 
the folding of the blastula the ideal axis is 
already bent on one side, the growth of 


This has been transmitted from the 
amphioxus to all the ‘ other modified 
gastruki-forms of the vertebrate stem. 

Apart from this bilateral structure, the 
gastrula of the amphioxus resembles the 
typic<il archigastrula of the lower animals 
(Figs.30-36) in developing the two primary 
germinal layers from a single layer of 
cells. This is clearly the oldest and 
original form of the metazoic embryo. 
Although the animals I hav'e mentioned 
belong to the most diverse classes, they 
nev'erthole&s agree with each other, and 
many more animal forms, in having 
retained to the present day, by a conser¬ 
vative heredity, this palingenetic form of 
gastrulation which tiiey have from their 
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earliest common ancestors. But this Is 
,not the case with the ffieat maji>rity t)f 
the animals. With these the orif^inal 
embryonic process has been gradually 
more or less altered in the course of 
millions of years by adaptation to new 
cortditio'ns of development. Both the 
segmentation of the ovum and the sub¬ 
sequent gaslrulation have in this wa> 
been considerably cluinged. In fact, 
these variations have become so great in 
the course of time that the segment.ition 
was not riglitly understood in most 
animals, and the gastrula vwis unrecog¬ 
nised. It was not until 1 had made an 
extensive comparative study, lasting a 
considerable time (in the years iS(ib 75), 
in animals of the most diverse classes, 
that 1 succeeded in showing the same 
common typical process in these appa¬ 
rently very different forms of gastrulation, 
and tracing them all to one original form. 
I regard all those that diverge from the 
primary palingenetic gastrulation as 
secondary, modilied, and cenogenetic. 
The more or less diveigent form of 
gastrula that is produced may be c.alled a 
secondary, modified gastrula, or a tn{'ta- 
jrastmla. The reader will find a icheme 
of these dilTerent kinds of segmentation 
and gastrulation at the close of this 
chapter. 

By far the most important process that 
determines the various cenogenetic forms 
of gastrulation is the change in the 
nutrition of the ovum and the accumula¬ 
tion in it of nutritive yelk. By this we 
understand various chemical substances 
(chiefly granules of albumin and fat- 
particles) which serve exclusively as 
reserve-matter or food for the embryo. 
As the metazoic embryo in its earlier 
stages of development is not yet able to 
obtain its food and so build up the frame, 
the necessary material has to be stored up 
in the ovum. Hence we distinguish in 
the ova two chief elements—the active 
formative yelk (protoplasm) and the 
passive food-yelk (deutophasm, wrongly 
spoken of as “the yelk”). In the little 
palingenetic ova, the segmentation of 
which we have already considered, the 
yelk-granules arc so small and so regularly 
distributed in the protoplasm of the ovum 
that the even and repeated cleavage is 
not affected by them. But in the great 
majority of the animal ova the ftwd-yelk is 
more or less considerable, and is stored in 
a certain part of the ovum, so that even 
in the unfertilised ovum the “ granary ” 


can clearly be distinguished from tlie 
formative plasm. As a rule, the forma¬ 
tive-yelk (with the germimil vesicle) theif' 
usually gathers at one pole and the food- 
yelk at the other. The first is t he animal, 
and the second the Kfjrelal, pole of the 
vertical axis of the <>yuni. 

In these “ telolecithal ” ova, or ova with 
the yelk at one end (for inshmee, in the 
cyclostoma and amphibia), the gastrula¬ 
tion then usually lakes place in such a 
way that in the cleavage of the impreg¬ 
nated ovum the animal (usually the upper) 
half splits up more quickly than the 
vegetal (lower). The conti actions of the 
active protoplasm, which effect this con¬ 
tinual cleavage tfi' the cells, meet a greater 
resistance in the lower vegetal half from 
the passive deutoplasm than in the upper 
animal half. Hence we find in the latter 





Fig. 3(). -Gastrula of the amphloxus, seen from 
left side (diagrammatic median^ suction). (From 
Hutsthek.') /;■-primitive Kut, « primitive mouth, / pt-ri- 
slomul puU-culli,, I cntodcrin, e uctiHlunn, d dorsal side, 
vuntr.vl side. 


more hut smaller, and in the former fewer 
but larger, cells. The animal cells pro¬ 
duce the external, and the vegetal cells 
the internal, germinal layer. 

Although this unequal .segmentation of 
the cyclostoma, ganoids, and amphibia 
seems at first sight to differ from the 
original equal .segmentation (for instance, 
in the monoxenia. Fig. 29), they both 
have this in common, that the cleavage 
process throughout affects the whole 
cell ; hence Remak called it total segmen¬ 
tation, and the ova in question holoblastic,, 
or “whole-cleaving.” It is otherwise 
with the .second chief group of ova, which 
he distinguished from these as tneroblaslic, 
or ‘ ‘ partially-cleaving ”: to this class 
belong the familiar large eggs of birds 
and reptiles, and of most fishes. The 
inert mass of the passive food-yclk is so 
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large in these cases that the protoplasmic 
contractions of the active yelk cannot j 
•»elTect any further cleavage. In conse¬ 
quence, there is only a partial segment a- , 
tion. While the protoplasm in the animal | 
section of the ovum continues briskly to , 
divide, multiplying the nuclei, the deuto¬ 
plasm in the vegetal section remains more j 
or less undivided ; it is merely consumed 
as food by the forming cells. The larger 
the accumulation of food, the more 
restricted is the process c)f segmentation. 
It may, however, continue for some time 
(even after tlie gastrulation is more or less 
c'otnplete) in the .sense that the vegetal 
cell-nuclei distributed in the deutophisni 
slowly Increase by cleavage ; as each of 
them is surrounded by a small ciuantitv 
of protoplasm, it may afterwards appio- 
priate a portion of the food-yelk, and thus 
ibrm a real “yelk-cell” (uu'rofvte). 
VVhen this vegetal cell-formation con¬ 
tinues for a long lime, after the tvv'o 
primarygermin.il layei s have been Ibrmed, 
it takes the n.ime of the “ after-segmen¬ 
tation.” I 

The merobl.istic ov:i are only found in j 
the larger and more highly developed 
anim.'ils, and only in those whose embryiv 
needs a longc'r lime and richer nourish¬ 
ment within tlie fiet.d membr.ines. 
According as the velk-loc>d .aicumulates 
at the centie or at the side of ihe enuin, 
we distinguish two groups of dividing 
cvva, peri blast ic ;md discobl.istic. In the 
peribl.'islic the food-\elk is in the centre, 
enclo.sed inside the ovum (hence Ihev .ire 
also called “ centrcvlecith.il ” ova): the 
formative yelk surrounds the food-yelk, 
and so sutlers itself :i superlici.il cleav.ige. 
This is found among the articulates 
(crabs, spiders, insects, etc.). In the dis- 
coblastic ova the food-yelk gathers at 
one side, at the vegetal or lower pole of 
the vertical axis, while the nucleus of the 
ovum and the great bulk of the form.itive 
yelk lie at the upper or animal pole (hence 
these ova are also called “ lelolecithal ”). 
In these case.s the cleavage of the ovum 
begins at the upper pole, and leads to 
the formation of ;i dorsal discoid embivo. 
This is the c.ise with .all merobl.istic 
V'crtcbratcs, most tishes, the reptiles and 
bird.s, and the oviparous mammals (the 
monotremes). 

The gastrulation of the discoblastic 
ova, which chiefly concerns us, offers 
serious difliculties to microscopic investi¬ 
gation and philosophic consideration. 
These, however, have been juastered by 


the comparative cmbryologiral research 
which has been conducted by a number 
of distinguished observ'ers during the 
last few decades -especially the brothers 
Hertwig, Rabl, Kupffer, .Selenka, Ruckert, 
Goette, Rauher, etc. The.se thorough 
and careful studies, aided by the most 
perfect modern improvements in technical 
method (in tinting and dissection), have 
given ;i ver\ welcome support to the 
views which 1 put forward in my work. 
On the (iasimla nmi the Seji^menfafion of 
/he Aninial Ovum [not tianslated), in 
1S75. .\s it is very important to under- 

st.ind these views and their phylogenetic 
found.'ition clear!)', not only .is regards 
evolution in genenil, but particularly in 
connection with the genesis of man, I 
will give here a brief st.itement of them 
.'IS far as they concern the vertebrate- 
stem : - 

1. ,MI the vertebrates, including man, 
are phylogenetically (or genealogically) 
related that is, :ue members of one 
single nalur.'il stein. 

2. Consequently, the embryonic features 
in their individu.il development must al.so 
have ;i genetic connection. 

V .\s the g.islrulation of the aniphio.xus 
shows the original palingeiielic form in 
its simplest features, th.it of the other 
vertebrates must have been derived from 
it. 

4. The cenogenetic modifications of the 
latter are more appreciable the more food- 
yelk is sloied up in the ovum. 

5. .\llhough the imiss of the food-yelk 
m.iy he very large in the ova of the di.sxro- 
bl.'islic vertebrates, nevertheless in every 
c.i.se .1 blastu 1,1 is developed from the 
morula, as in the boloblastic ova. 

(). Also, in every case, the gastruka 
developes from the bl.'istula by curving or 
invagination. 

7. The cavil) which is produced in the 
fielus by this curving is, in each ca.se, the 
primitive gut (progaster), and its opening 
the primitive mouth (pro.stoma). 

S. The food-yelk, whether large or 
small, is always stored in the ventral 
wall of the primitive gut ; the cells (called 
“ merocytes ”) which may be formed in it 
subsequently (by “after-segmentation”) 
also belong to the inner germinal layer, 
like the cells which immediately enclose 
the primitive gut-cavity. 

(). The primitive mouth, which at first 
lies below at the lower pole of the vertical 
axis, is forced, by the growth of the 
yelk, backwards and then upwards. 
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towards the dorsal side of (lie embryo ; 
the vertical axis of the primitive j^ful is 
thus jjradually corncrted into horizontal. 

lo. The primitive mouth is closed 
sooner or later in all the vertebrates, and 
docs not evolve into the permanent 
mouth-aperture ; it rather corresponds to 
the “properistoma,” or reii^^ion of (he 
anus. From this important point the 
formation of the middle i^erminal la\er 
proceeds, between the two prim.iri lavers. 

The wide comparative studies of the 
scientists J haw named h.ive further 
shown that in the ca.se of the discoblastic 
hiffher vertebrates (the three classes of 
anmiotes) the primitive mouth of the 
embrv'onic disc, which was lon^ looked 
for in vain, is found .ilvvavs, and Is 
nothin^f else th.'in the familiar “primitive 
g'roove.” this we shall see more .is 

we proceed. Me.'intime vve le.ilise that 
j^astrulalion mav be reduced to one and 
(he same process in all the- vei tebrates. 
Moreover, the various forms it takes in 
the inv'ertebr.ites can alvv.ivs be reduced 
to one of (he finir tvpes of sejL;mc‘ntation 
dc'seribed above. In rel.ilion to (he dis¬ 
tinction between total ;mcl partial sc'i;- 
mentation, the f^roupint^ of (he various 
forms is as follows : 


or f;astrula-form, in the course of their 
embryonic development, must descend 
from a primitive simple stem-form, the 
whole body of which consisted throu^■hout 
j life (,js is the case with the lower/oophyla 
to-dav) merely of tvvci ccdl-strata or ger¬ 
minal lavers.” We will call this primitive 
stem-form, with which vve sh.dl deal more 
I fiillv 1.Iter on, (he that is tosav, 

j “ primitIve-f.;u( animal.” 

.\ccorclinj^ to this j^^.-istivea-theory there 
was c)ri^'’inally in all the multicellular 
animals oiw oixiiii with the same structure 
and function. I'his was (he primitive 
s;u( : and the two primary j.;erminal 
layers which form its wall must also be 
j le^.irdecl as identical in all. This im- 
■ portant homoIoLjV’ or identity of the 
I primary jL;'erminal lasers is proved, on the 
I one hand, from the fact that the t^astrula 
w.cs oritiinally foi med in the same way in 
ail i.ises n.miely, by (he curving of the 
bl.istula ; and, on the other hand, by the 
tact that in everv case (he same funda- 
nuaital organs ai’isc- horn (he ^ermin.il 
lavers. The outer or animal laver, or 
ectoderm, alvv.ivs forms the chief orj^ans 
of anim.d life (he skin, nervous svstem, 
sense-oi'i^^ans, etc.; the inner or vef^c-tal 
l.iver, c>i' entoderm, j^ivc-s rise (iv the I'hief 
ori;;ans of vei^^etative life the oixuiis of 


I. l’aliO”;c-iH'ln 

(pniiiiliM) 
sci'iiii iitatiini 


II. Ccnocri’tu'lu 

Sffjnii'iil.i- 

tion 

(moJiticJ tn 
adapt;itioii). 


I liiiu.il si'^iiKn- 
talmii 

f (lx II- 14 . 1 SI nil.i) 

t’liLSiii.'it si;;- 
ilu'llt.il ion 

(IhkhIiiI CJ.ls- 
tnil.O 

( J'lstoiit si(^- 
mont.'itioii 
(distoid ^.is- 
triila). 

.] Siiporlu i.il Si ij- 
inc'nt.ition 
(splicTii-.tl 

ti.'istrut.i). 


V 'J' O t .1 1 Sf^- 
ini iit.ilioii 
(iMtIioiil inili'- 
jx'iidi'iil looil- 
volli) 


l{. I’arti.il ,i-^^. 
mt'lil.ili 
(with iiiilopiii- 
di'iil foixl- 
cilk) 


nourishment, digestion, blood-formation, 
etc. 

Ill (he lower zooplivta, whose- body 
remains at the (vv'o-layer statue throufrh- 
out life, the }.(astraads, the simplest 
sponf.;es Olynthus y, and polypsf^ Hydra ), 
these tvv'o f^^roups of fund ions, animal and 
\ i-^et.itive, are strictly divided betwe-en 
the two simple primary layers. 'I'hrou^h- 
out life the outer or animal layer acts 
simply as a cowrinj.^ for the bodj', and 
accomplishes its movement and sensation. 
The inner or ve^^etative layer of cells acts 


(hrouj.fhou( life as a f.(ut-lininj^, or nutri 


The lovwst meta/oa we know namelv, live layer of enteric cells, and often also 
thelovverzoophyla(spcvnifes, simple pol3’ps‘, yields the reproductive cell.s. 
e^c.)—remain throuf^houl life at a sl,ij.(e The best known of these “ j^astrjeads,” 


of development w-hich differs little from 
the ffastrula ; their vvdiole body consists 
of two lay'crs of cell.s. This is a fact of 
extreme importance. We. sec th.at man, 
and al.so other vertebrates, pass quickly 
through a stage of development in w'hich 
they consist of two layers, just as these 
lower zoophyta do throughout life. If vve 
apply our biogcnctic law to the matter, 
we at once reach this important con¬ 
clusion : “ Man .and .all the other animals 
which pass through the two-layer stage, 


or “gastrula-likeanimals,” is the common 
fresh-w'aterpolyp^ Hydra). This simplest 
of all the cnidaria.has, it is true, a crown 
of tentacles round its mouth. Also its 
outer germinal layer has certain special 
modifications. FuL these are secondary 
additions, and the inner germinal layer is 
a simple stratum of cells. On the whole, 
the hydra has preserved to our day by 
heredity the simple structure of our primi¬ 
tive ancestor, (lu- i^astreea (if. Ohaptcr 

X 1 X.> 
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In a}] other animals, particularly the 
vertebrates, the j^astrula is merely a brief 
transitional stajjc. Here the two-Iaycr 
stag^e of the embryonic development is 
quickly succeeded by a Ihrec-layer, and 
then a four-layer, stage. With the 


appearance of the four superimposed 
germinal layers we reach again a firm 
and steady standing-ground, from which 
we may follow the further, and much 
more difficult and complicated, course of 
embryonic development. 


SUMMARY OF THE CHIEF DIFFERENCES IN THE OVUM- 
SEGMENTATION AND (iASTRUEATlON OF ANIMALS. 


Tilt anim.il stems nn- imlioati-il by tlu- U'Ui.'rs rr-/,*; a Ziviplijta. !> AnncliJ;i. c Mollusra. 
bXliinodmna. ^ Articulata. y'Jiimi.ila. Vs-ric-brata. 


1 . 

Total 

Seraentation. 

Hoioblastic 

ova. 


Gastrula 

without 

separate 

food-yelk. 

Hologabtrula, 


I. Primitive 
Segmentation. 

Archiblastic ova. 

Bell-gastrula 

(ari'lng.'istrula.) 


a. Many lower zoopbyta (sponges, 
hydraptiljpfi, medusa-, simpler 
cor.als). 

b. Many lower .inndids (sagilta, 
phoronis, many nemaloda, etc., 
ttTL'bratul.x, argiopo, pisidiuin), 

r. Soim- lowor molluscs. 

d. M.'iny ('chinoderms. 

e. A Ifw lower articulata (some 
br.'inchiopods, ixipi-pods: Tar- 
digradfs, ptiTom.iliiia). 

f. Many tiinu ala. 

g 'I'lu acr.mia (ainpbioxus). 


II. Unequal 
Segmentation. 
Amphibl.islic ova. 

Hooded-gastrula 

(amphigastrula). 


a Many zoopbvta (spongc.s, 
nu'iliisa’i cor.als, siphonojihora:, 
ctenophora). 
b Most worm.s. 
t. Most molluscs. 

d, Manj i-cliinodcrms (vivip.aroiis 
spi'CK’s and soint- olbcrs). 

e. Some ot the lowi-r articul.ata 
(both crust .aci-.i and trachcata). 

/. Many tunicala. 
g. Cyclo-stoma, the oldest fishes, 
amphibia, m:unni.ils(not includ¬ 
ing man). 


II. 

Partial 

Segmentation. 

Meroblaslic 


III. Discoid 
Segmentation. 

Oiscoblastic ova. 

Discoid gastrula. 


r. Ceph.alopods or cuttle-fish. 
e. Many articiilaU, w(H>d-lice, 
scorpions, etc. 

g. Primitive fi.shes, bony fislics, 
reptiles, bird.s, monotremes. 


Gastrula with 
separate 
food-yelk. 

Merogastrula. 


IV. Superficial 
Segmentation. 
Periblastic ova. 


Spherical-gas- 

trula. 


c. The great majority of the arti- 
culabi (crustaceans, myriaix)d.s, 
arachnids, insects). 
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Chaptkr IX. 

THE GASTRULATION OF THE VERTEBRATE* 


The remarkable processes of f^astriilatioii, 
ovum-segmentation, and formation of 
germinal layers present a most con- ; 
spicuous variety. There is to-day only ! 
the lowest of the vertebr.ites, the amphi- ' 
oxus, that exhibits the original form of 
those processes, or the palingenetic gastru- 
lation which we have considered in the 
preceding chapter, and which culminates 
in the lormation of the archigastrula 
38)* I'T till other extant vertebrates 
these fundamental processes have been 
more or less modified by adaptation to 
the conditions of embryonic development 
(especially by changes in the food-yelk); 
they exhibit various cenogenetic types 
of the formation of germinal layers. 
However, the different classes vary con¬ 
siderably from each other. In order to 
grasp the unity that underlies the mani¬ 
fold differences in these phenomena and 
their historical connection, it is necessary 
to bear in mind always the unity of the 
vertebrate - stem. This “phylogenetic 
unity,” which I developed in my (hnicral 
Morpholojfy in iS 6 (>, is now generally 
admitted. All impartl.al zoologists agree 
to-day that all the vertebrates, from the 
amphioxus .and the fishes to the ape and 
man, descend from a conimcn ancestor, 
“the primitive vertebrate.” Hence the 
embryonic proccs.ses, by which each 
individual vertebrate Is developed, must 
also be capable of being reduced to one 
common type of embryonic development ; 
and this primitive type is most certainly 
exhibited to-day by the amphioxus. 

It must, therefore, be our next task to 
make a comparative study of the v'arious 
forms of ^vertebnate gastrulalion, and 
trace them backwards to that of the 
lancelet. Broadly speaking, they fall first 
into two groups : the older cyclostoma, 
the earliest fishes, most of the amphibia, 
and the viviparous mammals, have hulo- 


blastic ova—that is to say, ov;i with total, 
unetiual segmentation; while the younger 
cyclostoma, most of the fishes, the cepha- 
lopods, reptiles, birds, and inonotrentes, 
have nii'mhlasiir ov:i, or o\n with partial 
discoid segmenl.ition. .'V closer study of 
them shows, however, th.it these two 
groups do not present a n.itural unity, 
and that the historical relations between 
their several divisions are very compli- 
c.ited. In order to undk'rstand them 
properly, we must first consider the 
v.'irious modifications of gaslrulation i;i 
these classes. We m.iy begin with that 
of the amphibia. 

The most suitable and most .available 
objects of study In this class are the eggs 
of our indigenous amphibia, the tailless 
frogs and toads, and the tailed .salamander. 
In spring they are to be found in clusters 
in every pond, .and careful ex.amination of 
the ova with a lens is sulVicient to show at 
least the external leatures of the .segmen¬ 
tation. In order to underst.aiid the whole 
process rightly and follow the formation 
of the germinal l.i^’ors .and the gastrula, 
the ova of the frog and salamander must 
be c<arefully hardened ; then the thinnest 
pcvssible .sections must he made of the 
hardened ova with the microtome, and 
the tinted .sections must be very closely 
compared under a powerful microscope. 

The ova of the frog or toad .are globular 
in shape, about the twelfth of an inch in 
di.ameter, and arc clustered in jelly-like 
masses, which are lumped together in the 
case of the frog, but form long string.s in 
the c.ase of the toad. When we examine 
the opaque, grey, brown, or blackish ova 
closely, we find that the upper half is 
darker than the lower. The middle of 
the upper half is in many species black, 
while the middle of the lower half is white.* 
In this way we get .adefinite axis of the 
ovum with two poles. To give a clear 


» Cf. Balfour's Manual of Comparative Embryology, vol. ii.; Theodore Morjfan's Tbe Development of the 
Frog's Egg. 

* The colourinff of the egg'i of the amphibia is caused by the .accumulation of dark-cotouring' matter 
at the animal pole of the ov4im. In con.sequence of this, the anim.al cells of the ectoderm are darker than 
Che vegetal cells of the entoderm. We iind the reverse of this in the ca.su of most animats, the protoplasm of 
die ento4erm cells being usually darker and coarser-grainesd, 
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idea of the scf^mcntation of this ovum, it 
is best to compare it with a s'^be, on the 
surface of which arc marked the various 
parallels of longitude and latitude. The 
superficial dividini^^ lines between the 
different cells, wliich come from the 
repeated sej.jmentation of the ovum, look 
like deep furrows on the surface, and 
hence the whole process has been j^iven 
the name t)f furcation. In reality, however, 
this “furcation,” which was formerly 
regarded as a very mysterious process, is 


in this position throug-hout the course of 
the segmentation, and its cells multiply 
much more briskly. Hence the cells of 
the lower hemisphere are found to be 
larger and less numerous. The cleavage 
of the .stem-cell (Fig. 40 A) begins with 
the formation of a complete furrow, which 
starts from the north pole and reaches to 
the south J. An hour later a second 
furrow arises in the same way, and this 
i cuts the first at a right angle (Fig. 40 C). 
The ovum is thus divided into four equal 



Fk3. 40.- The cleavage of the frog’s ovum (maf^nifiod ton times). A stcm-Cfll. /f the first two sc(;mcn- 
tation-<vlls. (' ituir cells /J ci^^lil cells antm.il and 4 vcj,fctaliM.'), /{ twelve cells (8 anunal and 4 vegetative). 
/*' sixtci‘ii colls ^8 .iniiii.il and 8 \ cgctative). I wcnl>-toui cells (16 animal and 8 vegetative), // thirty-two cells. 
/ torty-^*ight cells. -four cells. A ninet)-six cells, 160 cells (128 animal and 32 vegetative). 


nothing but the familiar, repeated cell- 
segmentation. Hence also the segmenta¬ 
tion-cells. which result from it aie real 
cells. 

The unequal segmentation which we 
observe in the ovum of the amphibia has 
the special'feature of beginning at the 
upper and darker pole (the north pole of 
the terrestrial globe in our illustration), 
and slowly .advancing towards the lower 
and brighter pole (the .south pole). Also 
the upper and darker hemi.sphere remains 


parts. Each of these four “ .segmentation 
cells” has an upper and darker and a 
lower, brighter half. A few hours later 
a third furrow appears, vertic.ally to the 
lirst two (Fig. 40 7 >). The globular germ 
now consists of eight cells, four smaller 
ones above (northern) and four larger 
ones below (southern). Next, each of the 
four upper ones divides into two halves 
by a cleavage beginning from the north 
pole, so that we now have eight above 
and lour below (Fig. 40 E). Later, the 
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four new longitudinal divisions extend in sueeession t'i*rt\', fort\-ei}^hl, I'lt'ty-six, 
gradually to the lower cells, and the and at last sixty-Vour cells V/, K). In 
number rises from twelve to sixteen (F). ll\e meantime, the two hemispheres 
Then a second circular furrow appears, differ more and more iVclin e.ich other, 
parallel to the first, and nearer to the Whereas the sluggish lower hemisphere 
north pole, so that we may compare it to long remains at thirty-two cells, the lively 
the north polar circle. In this way we northern hemisphere hriskly suh-divides 
get twenty-four segmentation-cells six- twice, producing first sixty-four and then 
teen upper, smaller, and darker ones, and 128 cells (A/). Thus we reach a 
eight smaller and brighter ones below stage in which we count on the surface 



Fig. 43. Fra. 44. 

Figs. 41-44.— Pour vertical sections of the fertilised ovum of the toad, fn Timr successive- st.ni^c s oi 

development. The letters have the same meaninp throughout: se(;nu;iit:i(ion-cavitv /^covennt' c>f s.-une 

(/> dor.sal half ot the embryo,/'ventr.-il hall). Z'yelk-stopper (white round field .-it the lower ]ioK ). ZiT yelk-eelIs 
of the entoderm (Rcnuik's “ glandul.ar embryo”) A'pnmitive ^-iil cavity (pron.ister or Kijsiom.'iii .iliiiu iit.iry 
cavity). The primitive iiioutn (pro.stoin.'i) is closed by the yelk-stopper, Z^. a- part ition bet w< en the jiniiiilive tfiit 
cavity (^) and the setfinent.-itioii cavity (k k" section ot the lari^e circular lip-botder ol t he prunito e mouth 
(the Rusconian anus). The line ol dots between ifr ;ind indii.ites the earliei connietioii ol the velk-slopper f/’> 
with the central mass of the yelk-cells ( j€). In Fifj. 44 the o\ um has turned 90", so th.il the Ivu k ot the l■lllllI yo 
is uppermost and the ventral side down. (From Slrtcker.) 

(GJ. Soon, however, the latter also sub- | of the ovum 128 small cells in the upper 
divide into sixteen, a third or “ meridian j half and thirty-two large ones in the 
of latitude” appearing, this time in the lower half, or ifio allogelher. The dis- 
southern hemi.sphere : this makes thirty- similarily of the two li.lives increases : 
two cells altogether (H). Then eight while the northern breaks up into a great 
longitudinal lines are formed at the number of small cells, the southern con- 
north pole, and these proceed to divide, si.sts of a much smaller number of larger 
first the darker cells above and afterwards cells. Finally, the dark cells of the upper 
the lighter southern cells, and finally half grow almost over the surface of the 
reach the south pole. In this way we gef ovum, leaving only a small circular spot 
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at the south pole, where the large and 
clear cells of the lower half are visible. 
This white region at the south pole corre¬ 
sponds, as we shall see afterwards, to the 
primitive mouth of the gastruJa, The 



Fig. 45.— Blastula of the water-salamander 
(Triton), fh scK-int'iitalion-cavity, dz yclk-tells, rz 
border-zone. (From llcrtwig.) 

whole mass of the inner and larger and 
clearer cells (including the white polar 
region) belongs to the entoderm t>r ventral 
layer. The outer envelope of dark smaller 
cells forms the ectoderm or skin-layer. 

In the meantime, a largo cavity, full of 
fluid, has be6n formed within the globular 
body—the segmentation-cavity or embry¬ 
onic cavity (blastoca'l, Figs. 41-44 F). 
It extends ctmsiderabl}^ as the cleavage 
proceeds, and afterwards assumes an 
almost semi-circular foian (Fig. 41 F). 
The frog-embryo now represents a modi¬ 
fied embryonic vesicle or hlasfu/a, with 
hollow animal half and solid vegetal half. 

Now a .gecond, narrower but longer, 
cavity arises by a process of folding at 
the lower pole, and by the falling away 
from each other of the white entoderm- 
cells (Figs. 4i-.^4 N). This is the 
primitive gut-cavity or the gastric cavity 
of the gastrula, progaster or archen- 
tenm. It was first oKserved in the ovum 
of the amphibia by Rusconi, and so called 
the Rusconian cavity. The reason of its 
peculiar narrowness here is that it is, for 
the most part, full of yelk-cells of the 
entoderm. The.se also stop up the whole 
of the wide opening of the primitive mouth, 
and form what is known as the “ yelk- 
stopper,” which is seen freely at the while 
round spot at the south pole (P). Around 
it the ectoderm is much thicker, and forms 
the border of the primitive mouth, the 


most important part of the embryo 
(Fig, 44 «, k). Soon the primitive gutr 
cavity stretches further and further at the 
expense of the segmentation-cavity (F), 
until at last the latter disappears alto¬ 
gether, The two cavities are only sepa-. 
rated by a thin partition (Fig. ^3 s). With 
(he formation of the primitive gut our 
frog-embryo has reached the gastrula 
stage, though it i.s clear that this cenoge- 
netic amphibian gfistrula is very diflerent 
from (he real palingenetic gastrula we 
have considered (Figs. 30-36). 

In the growth of this hooded gastrula 
we cannot sharply mark off the various 
stages which we distinguish successively 
in (hebell-gastriila as morulaand gastrula. 
Nevertheless, it is not difficult to reduce 
the whole cenogenctic or disturbed devel¬ 
opment of this amphigastrula to the true 
palingenetic formation of the archigas- 
trula of the amphioxus. 

This reduction becomes easier if, after 
considering the gastrulation of the tailless 
amphibia (frogs and toads), we glance for 
a moment at that of the tailed amphibia, 
the salamanders. In some of the latter, 
that have only recently been carefully 
studied, and that are phylogenetically 
older, tile process is much simpler and 
cle;irer than is the case with the former 
and longer known. Our common water- 
salamander ( Triton taeniaius) is a parti¬ 
cularly good subject for observation. Its 
nutritive yelk is much smaller and its 
formative yolk less obscured with black 
pigment-cells than in the ca.seof the frog; 
and its gastrulation has better retained 
(he original palingenetic character. It 
was first described by Scott and Osborn 
(1S79), and Oscar Hertwig especially made 



Fig. 46.— Embryonic vesicle of triton 
outer view, with the transverse fold of the primitive 
mouth (giotn Ilertimg.) 

a careful study of it (1881), and rightly 
pointed out its great importance in help¬ 
ing us to understand tlie vertebrate 
development. Its globular blastuJa (Fig. 
45) consists of loosely-aggregated, yelk- 
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filled entodermic cells or yelk-cells (da) 
in the lower vegetal half; the upper, 
animal half encloses the hemispherical 
Segmentation-caVity (fh), the curved 
roof of which is formed of two or three 



Fio. 47.- Sagittal section of a hooded-embryo 

of triton (blastula at the comim-iu-i'iniTit »it 
gastruhition). j//-outer iformiiial la\er, r'Xr inner >jer- 
miriil layer,yA scR-mentation-ciivity, priiiiili\e jjut, 
u primitive mouth, ill .and vl dorsal and \ enlral lips ol 
the mouth, da yelk-eells. (From Ht rhvi)'.) 

strata of .small ectodermic cells. At the 
p>int where the latter pass into the former 
(at the equator of the globular vesicle) we 
have the border zone ( ra). The folding 
which leads to the formation of the 
gastrula takes place at a spot In this 
border zone, the primitive mouth (I'ig. 
46 «). 

Unequal segmentation takes place in 
some of the cyclostoma and in the oldest 
fishes in just the same way as in most of 
the amphibia. Among the cyclostoma 
(“ round-mouthed ”) the familiar lampreys 
are particularly interesting. In respi'ct 
of organisation and dev'elopment they are 
half-way between the acrania (lancelet) 
and the lowest real fishes^ Selachii); hence 
I divided the group of the cyclostoma in 
1886 from the real fishes with which they 
were formerly associated, and formed of 
them a special class of vertebrates. The 
ovmrn-segmentation in our common river- 
lamprey (Petromyaon Jluiuatilis) was 
described by Max .Schultze in 1856, and 
afterwards by .Scott (1882) and Goette 
(rSgo). 

Unequal total segmentation follows the 
same lines in the oldest fishes, the sclachii 
and ganoids, which are directly descended 
from the cyclostoma. The primitive fishes 
(Selachii), which we must regard as the 
ancestral group of the true fishes, were 


generally considered, until .a short time 
ago, to be discoblastic. It was not until 
the beginning of the twentieth century 
that Hashford Dean made the important 
discovery in Japan that one of the oldest 
living fishes of the shark type ( Ccstracion 
jiifionicus) has the same total unequal 
segmentation as the amphiblastic plated 
fishes (framndcs)^ This is particularly 
interesting in connection with our subject, 
because the few' remaining survivors of 
this di\ision, which was so numerous in 
paleozoic times, exhibit three different 
types of gastrulation. The oldest and 
most conservative forms of the modern 
ganoids are the scaley sturgeons (Siu- 
rioncs), pl.'ited fishes of great evolu¬ 
tionary importance, (he eggs of which are 
eaten as caviare ; their cleavage is not 
essenti.illy dilTerent from that of the 
lampreys and the amphibia. On the other 
hand, the most ‘ modern of the pl.ated 
fishes, (he beautifully scaled bony pike of 
the North .American rivers ( f.cf>idosieux), 
approaches thi‘ osseous fishes, and Is dis¬ 
coblastic like them. A third genus 
(.1 min ) Is midway between the sturgeons 
and the latter. 

The group of the lung-fi.shes (Dipncitsta 
or Dipnoi) is closely connected with the 
older ganoids. In respect of their whole 



4S. Sa^ttal section of the gastrula of 
the water-salamander ( Tnhm ). ( l‘>i>m /Jrrim>ig. ) 
Li'llcrs .as III Fig. 47; except—/ yelk-stopper, mk bc- 
giiiiiing ol the middle germiiwil layer. 

organisation they are midway between 
the gill-breathing fishes and the lung¬ 
breathing amphibia ; they share w’lth the 
former the shape of the body and limbs, 
and with the latter the form of the heart 

* Bashford Dean, Holoblastic Cleavage in the Eg^ of 
a Shark, Cestracionjaponicus Maclet^. Annotetumes 
soologicaejaponenses, vol. iv., Tokio, 1901 
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and lung's. Of tlie older dipnoi (Paladip- 
ncusta) we have now only one specimen, 
the remarkable ('eraiodus of East Aus¬ 
tralia ; its amphiblastic gastrulalion has 
been recently explained by Richard Semon 
(cf. Chapter XXL). That of the two 


and batrachia, belong to the old, conser¬ 
vative groups of our stem. Their unequal 
ovum-segmentation and gastrulation have 
many peculiarities in detail, but can 
always be reduced with comparative ease 
to the original cleavage and gastrulation 


C D n 





Fio 49 -Ovum-seffmentation In the lamprey (Petromyzon flmiiaiilh), in four successive stas-es. The 
small ci-lls ol the upper (anim.il) hemisphere divide much more quickly th.ln the cells of the lower (vegetal) 
heiiii.sphen. 



C 



Fig. so.— Gastrulation of the lamprey (Pefromyzon 

fluvtatihx). A hlastul.i, with wide embryonic cavity (bln.stococl. 
hi), f' incipient invagin.ition. P dcpulu. with .idvancisl invagina¬ 
tion, from the primitive mouth fg.). g.astrula, with complete 
primitive gut; the embryonic cavity has almost disappears in 
consequence of invagination. 


modern dipneusta, of which Protoptcrus 
is found in Africa and Lepidosiren in 
America, is not materially different. (Cf. 
5 ») 

All these amphiblastic vertebrates, 
Petromyzo 7 i and Cost me ion, Accipenscr 
and Cemtodiis, and also the salamanders 


of the lowest vertebrate, the amphioxus ; 
and this is little removed, as we have 
seen, from the very simple archigastrula 
of the Sa^tta and Monoxenia (see 
Figs. 29-36). All these and many other 
classes of animals generally agree in the 
circumstance that in segmentation their 
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ovum divides into a large number of cells 
by repeated cleavage. All such ova have 
been called, after Remak, “ whole-cleav¬ 
ing” (kolohlasta), because their division 
into cells is complete or total. 

In a great many other classes of 
animals this is not the case, as we find 
(in the|^rtebrate stem) among the birds, 
reptiles, and most of the fishes ; among 
the insects and most of the spiders and 


of Ihe ovum ; Ibis alone divides in seg¬ 
mentation, and produces (he numerous 
cells which make up (he embryo. t)n the 
other hand, the nutritive yelk is merely a 
passive part of the contents of the ovum, 
a subordinate element which contains 
nutritive material (albumin, fat, etc.), and 
so represents in a sense the pro\ision- 
store of the developing embryo. The 
l.itler takes a quantity of food out of this 




Fig. si .— Gastrulatlon of ceratodus (from Si-mon). A .uul 
C statre with tour cflls, /{ :iiid D with sixtCLii ci,lls A nnd /i 
arc seen from above. 6‘aritl U sideways, /t* willi Ihirtv-two 

cells; /'^blastula; ^asLniKi in longitudinal section y// se^^incnLa- 
tion cavity, primitive ^jut or gastric cavity 


fh fih 


I 



crabs (of the articulates) ; and the cepha- 
lopods (of the molluscs). In all these 
animals the mature ovum, and the stem- 
cell that arises from it in fertilisation, 
consist of two different and separate parts, 
which we have called formative yelk and 
nutritive yelk. The formative yelk alone 
consists of living protoplasm, and is the 
active, evolutionary, and nucleated part 


store, and finally consumes it all. Hence 
the nutritive yelk is of great indirect 
importance in embryonic development, 
though it has no direct sh.ire in it. It 
cither does not divide at all, or only later 
on, and docs not generally consist of cells. 
It is sometimes large and sometimes 
small, but generally many times larger 
than the formative yelk ; and hence it is 



7 « THE GASTRULATION OF THE VERTEBRATE 


that it was formerly thoujfht the more 
important of the two. As the respective 
sigfnificance of these two parts of the ovum 
is often wronfjly described, it must be 
borne in mind, that the nutritive yelk is 
only a secondary addition to the primary 
cell ; it is an inner cMiclosurc, not an 
external appendajje. All ova that have 
this independent nutritive yelk are called, 
after Reinak, “ partially-cleavinjj ” (mcro~ 
hlasta). Their segmentation is incom¬ 
plete or partial. 

There are many diflicultics in the way 
of understandinf(^ this partial sej^menta- 
tion and the j^astrula that arises from it. 
We have only recently succeeded, by 
means of comparative research, in over- 
cominf^ these difficulties, and reducinj^ 
this cenogenetic form of gastrulation to 
the original palingenetic type. This is 



Fifi. S2.— Ovum of a deep-sea bony fish, b pn>- 

toplasm of the sti-ni-cell, k luu-leiis ot same, d dear 
globule of albiitnin, the mitiitive yelk. / f;tt-glolnilo ot 
Bamc, c outer membr.'ine oi the ovum, or ovoTemina. 

comparatively easy in the small mero- 
blastic ova which contain little nutritive 
yelk—for instance, in the marine ova of a 
bony fish, the development of which 1 
observed in 1875 at Ajaccio in Corsica. 1 
found them joined together in lumps of 
jelly, floating on the surface of the sea; 
and, as the little ovula were completely 
transparent, 1 could easily follow the 
development of the germ step by step. 
These ovula are glossy and colourless 
globules of little more thfin the 50th of 
an inch. Inside a structureless, thin, but 
fii?m membrane (avolemma. Fig. 52 c) we 
find a large, quite clear, and transparent 
jflobulc of albumin (d). At both poles of 
Its axis this globule has a pit-like depres¬ 
sion. In the pit at the upper, animal 
pole {which is turned downwards in the 
floating ovum) there is a bi-convex lens 
composed of|protoplasm, and this encloses 


the nucleus (k); this is the formative 
yelk of the stem-cell, or the germinal disk 
(h). The small fat-globule (f) and the 
large albumin-globule {dj together form 
the nutritive yelk. Only the formative 
yelk undergoes cleavage, the nutritive 
yelk not dividing at all at first. 

The segmentation of the lenj^^ihaped 
formative yelk (hj proceeds quite inde¬ 
pendently of the nutritive yelk, and in 
perfect geometrical order. 

When the mulberry-like cluster of cells 
has been formed, the border-cells of the 
lens separate from the rest and travel into 
the yelk and the border-layer. From this 
the blastula is developed ; the regular 
bi-convex lens being converted into a dtisk, 
like a watch-glass, with thick bordefs. 
This lies on the upper and less curved 
polar surface of the nutritive yelk like the 
watch gl.'Lss on the yelk. Fluid gathers 
between the outer layer and the border, 
and the segmentation-cavity is formed. 
The gastrula is then formed by invagina¬ 
tion, or a kind of turning-up of the edge 
of the blastoderm. In this process the 
segmentation-cavity disappears. 

The space underneath the entoderm 
corresponds to the primitive gut-cavity, 
and is filled with the decreasing food-yelk 
(n ). Thus the formation of the gastrulA. 
of our fish is complete. In contrast to 
the two chief forms of gastrula we con¬ 
sidered previously, we give the name of 
discoid gastrula {dtsatj^as/nda, Fig. 54) 
to this third principal type. 

Very similar to the discoid gastrulation 
of the bony fishes is that of the hags or 
myxinoida, the remarkable cyclostomes 
that live parasitically in the body-cavity 
of fishes, and are distinguished by several 
notable peculiarities from their nearest 
relatives, t he lampreys. While the amphi- 
blastic ova of the latter are small and 
develop like those of the amphibia, the 
cucumber-shaped ova of the hag are 
about an inch long, and form a discoid, 
gastrula. Up to the present it has only 
been observed in one species f Bdellostoma 
Stouti), by Dean and I)oflein (1898). 

It is clear that the important features 
which distinguish the discoid gastriila 
from the other chief forms we have con¬ 
sidered are determined by the large food- 
yelk. This takes no direct part in the 
building of the germinal layers, and com¬ 
pletely fills the primitive gut-cavity of the 
gastrula, even protruding at the mouth¬ 
opening. If we imagine the original bell- 
gastrula (Figs. 30-36) trying to swallow a 
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bAlI of food which is much bigger than 
itself, it would spread out round it in 
discoid shape in the,attempt, just as wo 
find to be the case here (Fig, 54), Hence ' 
we may derive the discoid gastrula from : 
the original bell-gastrula, through the 
interm^iate stage of the hooded gastrula. 
It has, arisen through the accumulation 
of a store of food-stuff at the vegetal pole, a 
“nutritive yelk” being thus formed in con¬ 
trast to the “ formative yelk.” Neverthe¬ 
less, the gastrula is formed here, as in the 
previous cases, by the folding or invagina¬ 
tion of the blastula. We can, therefore, 
reduce this cenogenctic form of the discoid 
segmentation to the palingenetic form of 
the primitive cleavage. 

This reduction is tolerably easy and 
confident in the case of the small ovum t)f 
our deep-sea bony fish, but it becomes 


embryonic development and consumed by 
the embryo. The latter developes solely 
from the living formative yelkot the stem¬ 
cell, This is equally true of the ova of 
our small Ixmy fishes and,of the colossal 
ova of the primitive fishes, reptiles, and 
birds. 

The gastrulation of the primitive fishes 
or selachii (sharks and rays) has been 
carefully studied of late years by Ruekert, 
Rahl, and H. E. Ziegler in particular, 
and is \ ery impoi tant in the sense that 
ibis group is (he oldest among living 
fishes, and their gastrulation can be 
derived directly from th.it of the cyclo¬ 
stoma by the accuimilatmii of a large 
quantity t)f food-yelk. The oldest sharks 
(( ’vs/nn ion) still have the unequal seg¬ 
mentation inherited from the cyclostoma. 
But while in this case, as in the case of 





Fig. s.}.— Ovum-segmentation of a bony fish. A first cltiavaifi- of the stem-eelt (rvttila). It division of 
same into four sogmentiition-cells (only two mmIiK’), C lhi‘ f'eriiiiiial disk divides into the blastoderm and the 
periblast (f>), d nutritive > elk, y fal-tflonule, , ovolemin.i, a spaje between Ihi o\ok'inm:i and the ovum, filled with 
a clear fluid. 


difficult and uncertain in the case of the 
large ova that we find in the majority of 
the other fishes and in all the reptiles and 
birds. In the.se cases the food-yelk is, in 
tlie first place, comparatively colossal, the 
formative yelk being almost invisible 
be.sidc it ; and, in the second place, the 
food-yelk contains a quantit}' of different 
elements, which are known as “ yelk- 

f ranules, yelk-glonulcs, yelk-plates, yelk- 
akes, yelk-vesicles,” and so on. Fre¬ 
quently these definite elements in the yelk 
have been described as real cells, and it ^ 
has, been wrongly stated that a portion of 1 
the embryonic body is built up from these 
cells. Tnis is by no means the case. In 
every case, however large it is—and even 
when cell-nuclei travel into it during the 
cleavage of the border—the nutritive yelk 
remains a dead accumulation of food, 
which is taken into the gut during 


the amphibia, (he small ovum completely 
divides into cells in .segmentation, this is 
no longer so in the great majority of the 
.selachii (or Klasmohranchii). In these 
the contractility of the active protoplasm 
no longer suffices to break up the huge 
nias.s of the passive deutoplasm com¬ 
pletely into cells ; this is only possible in 
the upper or dorsal part, but not in the 
lower or ventral section. Hence wc find 
in the primitive fishes a blastula with 
a small eccentric segmentation-cavity 
55 the wall of which varies 
greatly in composition. The circular 
border of the germinal disk which 
connects the roof and floor of the seg¬ 
mentation-cavity corresponds to the 
border-zone at the equator of the 
amphibian ovum. In the middle of its 
hinder border we have the beginning of 
the invagination of the primitive gut 
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(Fi}^. 5O tid) ; it extends frradually from 
this spot (which corresponds to (lie Rus- 
conian anus of the amphibia) forward 
and around, so (hat the primitive mouth 
becomes tirst crescent-shaped and then 


I'he bird’s e.njr is particularJy important 
for our purpose, because most of the 
chief studies of the development of the 
vertebrates are based on observations of 
the hen’s durinj^ hatchin^jf. The 

mammal ovum is much more difficult to 



Fio. 54-Discoid gastrula (dl'tmiiasti-ula) of a 
bony nsh. r ivUnliTm, t I’nloiliMin, ri' hiiii.k’r-swi llm^'; 
or primilivo iiioiitli, n allximinoiis p;Ioliult' ol tlu niitii- 
tivi* vvlk,y‘lal-ffloliiilo o( s.inu-, t i'\(iTnal mcinbi.im 
(ovoipnini.i). r/ partition bitwoi-ii intodi-rm .iiul uto- 
licrin (i-arlier tin.' soniiK-nt.ituni-i .i\ it> ). 

circular, and, :is it opens wider, surrounds 
the bill! of the lari;er food-\ell<. 

I'-ssentiidly dilferent from the wide- 
mouthed discoid gastrula of most of the 
selachii is the narrow-moutlied discoid 
gastrula (or I'pij^dsh'uhi) of the amniotes, 
the reptiles, birds, and monolivmes ; 
between the two as an intermediate 
stage we have the aml>hiiidslmhi of the 
amphibia. The latter has deveKiped from 
the amphigastrula of the ganoids and 
dipneusts, whereas (he discoid amniote 
gastrula has been evolved from (he 
amphibian gastrula by the addition of 
food-yclU. This change of gastiulation 
is still found in the remarkable ophidi.i 
( Gvmiwphwna, Cwcilia, or Pvro- 
mela ), serpent-like amphibia that 


obtain and study, and for this practical 
and obvious reason \'ery rarely thoroughly 
investigated. IJut we can get hens’ eg^s 
in .any c|uantily at any lime, and, by 
means of .arliiici.al incubation, follow the 
di'velopment of (he embryo step by step. 
'Fhe bird’s egg dilTers considerably from 
(he tiny m.imnial o\um in size, a large 
t|u,'mlit V of lood-\ elk .iccumul.ating within 
tlie original velk or the protoplasm of the 
o\aim. 'I'liis is the yellow ball which we 
commonly call the yolk of the egg. 
In order to underst.and the bird’s egg 
aright for it is \ery often quite wrongly 
explained we must examine it in its 
original condition, and follow it from the 
very beginning' of its development in the , 
bird’s inary. We then see that the 

origin.al ovum is a quite small, naked, , 
and simple cell with a nucleus, not 
differing in either si/e or shape from the 
origin.al o\ um of the mammals and other 
.anim.ils (cf. Fig. 13 A). As in the case 
of .all the cr.mitU.i (.animals with a skull), 
the origin.d or prlmi(i\e ovum fprof ovum) 
is covered with a continuous layer of 
sm.all cells. This membrane is the 
follicle, from which the ovum afterwards 
issues. Immedi.ately underneath it the 
structureless )elk-membrane is secreted 
from the yelk. 

The small primitive ovum oF the bird 
begins \erv e.arly to t.ake up into itself 
.1 ijuantilj of iood-sLutf through the yelk- 
membr.ane, and work it up into the 
“ yellow yelk.” In this w.ay the ovum 

M- kz dk H 


live in moist soil in the tropics, 
and in many respects represent 
the tr.ansition from the gill¬ 
breathing amphibia to the lung¬ 
breathing reptiles. Their em¬ 
bryonic development has been ex¬ 
plained by the fine studies of the 
brothers S.arasin of h hfhvophis 
t^hithiosa at t'eylon (1887), and 
those of August lirauer of the 
Hypogeophis rosfrata in the Se)- 
chelles (1897). It is only by the 



historical .and comparative study 
of these that we can underst.and 
the dilTicult and obscure gastru- 
lation of the amniotes. 


Fir. 55. -Longitudinal section through the blastula of 
a shark (From Ruikcrl.') (Looked ;it from the 

li'tt ; to the ri^fhl is llie hinder end. //, to tlie left the fore end, V.) 
B seymentat lon-eavity, kz cells ot the germin.al membrane, dk 
yelk-iuiclei. 
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enters,oa its second stage (the mr/ovuin), 
which is many times larger than the lirst, 
but still only a single enlarged cell. 
Through the accumulation of the store of 
yellow yelk within the ball of protoplasm 
the nucleus it contains (the germinal 
vesicle) is forced to the surface of the 
ball. Here it is surrounded by a small 
quantity of protoplasm, and with this 
forms the lens-sliaped formati\e yelk 
(Fig. 15 f>). Tl.is is seen on tlie yellow 
yelk-ball, at a certain point of the surface, 
as a small round white spt>t the " tread ’’ 
(ricatncula). From this point a thread¬ 
like column of white nulrilive }elk (li), 
which ccMitains no yellow velk-gr.inules, 
and is softer than the yellow food-yelk, 
proceeds to the middle of the yellow velk- 
ball, and forms there a small ceiitr.il 
globule of white yelk (Fig. J5 li). The 
whole ol this white yelk is not sharply 
separated from the yellow yelk, whidi 


(Fig. 57). First tw'o equal .segmentation- 
cells (A ) are formed from the ovum. 
These divide into four (E), then into 
eight, sixteen (C), thirty-two, sixty-four, 
;ind so on. The cleavage of the cells is 
always preceded by a division of their 
nuclei. The cletiv.ige surfaces between 
the segmentation-cells appear at the free 
surf.ice of the tread as clefts. The first 
two divisions are vertical to e;uh other, 
in the firm of .1 cross (li). Then there 
are two more di\isions, which cut the 
foi iner at an .ingle of forty-tiv'e degrees. 
The tread, which thus becomes the 
germinal disk, now h.is the appe.irance 
of an eight-rayed star. .A circular cleav.age 
next t.iking place round ,the middle, the 
eight tri.'ingul.ir cells divide into sixteen, 
of which eight are in the middle and eight 
disirihuted around (C). Afterwards 
l iix ul.'u’ clefts and radial clefts, directed 
towards the centre, alternate more or less 



Fio 56.— Longitudinal section of the blastula of a shark ) .a the-hi'jfinniiin of trastriil;i- 

lion. {Vr^ym Rh( ) (Sevn from tin* k'tt ) ftorc l*iu1. //hind ond, Sf^finontation-cavily, uii lirst trace of 
the primitive dk yelk-nucUi, fd liiie-^^r.i!nL*d velk, co;ii st-ffrainisl yelk. 


shows a slight trace of concentric layers | 
in the. hard-boiled egg (I'ig. 15 c). We I 
also find in the hen's egg, when we break | 
the shell and take out the yelk, a round 
small white disk .n its surl.ace whit h 
corresponds to llie tread. Hut this small 
white “germinal disk” is now iurther 
developed, and is really the gastriila of j 
the chick. The body of the chick is | 
formed from it alone. 'I'lie wluile white j 
and yellow yelk-ni.iss is without an) | 
signihcance for the Ibrmation of the ; 
embryo, it being merely used as food by ' 
the developing chick. 'I'he clear, glarous ; 
mass of albumin (hat surrounds tlie ! 
ellow yelk of the bird’s egg, and also the 1 
ard chalky shell, are onl\ formed within ! 
the oviduct round the impregnated ovum, i 
When the fertilisation tif the bird’s ovum 
has taken place within the mother’s body, j 
we find in the lens-shaped stem-cell the 
progress of flat, discoid segmentation ! 


irregularly (/), E). In most of the 
amniotes the formation of concentric and 
ladial clefts is irregular from the very 
lirst ; and so also in the hen’s egg. Hut 
the final outcome of the cleavaga'-process 
is once more llu' formation of a large 
number of small cells ol a similar nature. 
As in the case of the fish-ovum, these 
segmentation-cells form a round, lens¬ 
shaped disk, which corresponds to the 
morula, and is embedded in a small 
depression of the white yelk. Between 
the leiis-sh.aped disk ol’ tlie morula-cells 
and the underlying white yelk a small 
cavity is now formed by the accumulation 
of fluid, as in the lishes. Thus we get 
the peculi.ir and not easily recognisable 
blastula of the bird (Fig. 58). The small 
segmentation-cavity (fh) is very flat and 
much compressed. The upper or dorsal 
wall (ihuJ is formed of a single layer of 
clear, distinctly separated cells; this 
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corresponds to the upper or animal hemi- 
^here of the triton-blaslula (Fig. 45). 
The lo’vjrer or ventral wall of the flat 
dividing space (vw) is made up of larger 
and darker segmentation-cells ; it corre¬ 
sponds to the lower or vegetal hemisphere 
of the blastula of the water-salamander 
(Fi^. 45 dz). Tlie nuclei of the yelk-cells, 
which are in this case especially numerous 
at the edge of the lens-shaped blastula, 
travel into the white yelk, increase by 
cleavage, and contribute even to the 
further growth of the gemiinal disk by 
furnishing it with food-stuff. 

The invagination or the folding inwards 
of the bird-blastula takes place in this 


OF THE VEETEBMTS . 

which was described for d long 'tinie aa^ 
the “ primitive groove,” If Ve make a' 
vertical section through thif p^rt; we see ^ 
that a flat and broad cleft stretches'under, 
the germinal disk forwards from the priipt- 
tive mouth ; this is the primitive gut (Fig. 
60 ud). Its roof or dorsal wall is formed by' 
the folded upper part of the blastula^J ana 
its floor or ventral wall by the white yplk 
(wd), in which a number of yelk-nuclei 
(dk) arc distributed. There is a' brisk 
multiplication of these at the edge of the 
germinal disk, especially in the neighbow- 
liood of the sickle-shaped primitive mouth. 

Wc learn from sections through later 
stages of this discoid bird-gastcula^that 



Fio. s7.—Diagram of discoid segmentation In the blM’s ovum (muRniTictl .-ihout ten times). Only the 
formative yelk (the tread) is shown in these six tiKures (A-F), because cleavage only lakes place in The 

much lari'cr foi^-yulk, which does not'sharc in the cleavat'e, is left out .and merely indicated by the di|rk ring 
without. 


case also at the hinder pole of the subse¬ 
quent chief axis, in the middle of the hind 
border of the round germinal disk (Fig. 
59 j). At this spot we have the most 
brisk cleavage of the cells; hence the cells 
are more numerous and smaller here than 
in the fore-half of the germinal disk. 
The border-swelling or thick edge of 
the disk is less clear but whiter behind, 
and is more sharply separated from con¬ 
tiguous parts. In the middle of its hind 
border there is a white, crescent-shaped 
groove—Koller’s sickle-groove (Fig 59 t ); 
a small projecting process in the centre 
of it is called the sickle-knob (skj. This 
important cleft *is the primitive mouth, 


the primitive gut-cavity, extending 
forward from the primitive mouth as a 
flat pouch, undermines the whole region 
of the round flat lens-shaped blastula 
(Fig. 61 uif). At the .same lime, the 
segmentation-cavity gradually di.sappears 
altogether, the folded inner germinal 
layer f ik) placing itself from underneath 
on the overlying outer germinal layer 
(ak). The typical process of invagina¬ 
tion, thoughr greatly disguised, can thus 
be clearly seen in this case, as Goettd 
and Ragber* and more recently, Duval 
(Fig. 61), have shown. * 

The older embryologists (Pander, Baer, 
Remak), and, in recent times esp^ially. 
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K 5 ttlker,'and others, said that the 
primary fferminal layers of the hen’s 
pVpm-^thc oldest and most frequent 
pi^^ject of observation !—arose by hori- 
ZOpial cleavage of a simple germinal disk. 
In bppo}}it|on to this accepted view, I 
affirmed in my Gastrwa Theory (1873) 


its surface. 1 endeavoured to establish 
this view by the derivation of the verte¬ 
brates from one source, and especially by 
proving that the birds descend from the 
reptiles, and these from the amphibia. 
Tf this is ct'rrecl, the discoid gaslrula of 
. the amnioles must have been formed by 
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Fig. 58.— Vertical section of the blastula of a hen ( ihsi ohimtulo ) fh ^(’^'Ilu■l1t.l•u)n-c.lvity, div dorsiil 
wall of sanu;, iw vi-ntr.il wall, passing dirtvtlv iiiti* tliL' wliiU- ji’lk ( nd). (l''r<>m hinuil ) 

Flu. 59 .-The germinal disk of the hen's ovum at the beginning of gastrulation ; .-/ lufuii- 

incubation, y-f in the hrst hiuir ol incub.ilioii. (Krom AW/cr ) t.s rniin.il disk, I il > lort .iiid H its liind boriliT ; 
es embryonic shield, a sicklc-i'tooNc, .%/t sicklo knob, d \t'lk. 

Fig.^^. —Longitudinal section of the germinal disk of a siskin (thstnirattrulu). (Fnini futvitf.) 
Ml# primitive gut, W, A/ lore and luiid lip*, ot tho pnnnli\c mouth (or',u kh-i.d);i); «/!■ oulcr germinal l.ijer,/A 
inner germinal layer, dk yelk-nuclei, ivd white >e!k. 



Fig. 6t.—Longitudinal section pf the discoid gastrula of the nightingale. (From/w.n/.) ud 

primitive gut, vl. A/ Tore and hind lips of the primitive mouth ; «A, ik outer aiid iniu-i germinal layers; vr fore- 
border of the discogastrula. 


that the discoid bird-gastrula, like that of 
ail other vertebrates, is forPicd by folding 
(or inyagiriation), and that ihis tjplcal 
process is merely altered in a peculiar* 
and disguised by the immense accu¬ 
mulation of fopd-yelk and the flat spread- 
> ing of tlie discoid blastula at one part of 


the folding-in of a hollow blastula, as has 
been sliown by Remak and Rusconi of 
the discoid gasLrula of the amphibia, 
their direct ancestors. The accurate and 
extremely careful observations of the 
authors 1 have mentioned (Goette.Rauber, 
and Duval) have decisively proved this 
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ret'fiilly Ittr ilic hiids ; and ilii‘ saiin.' lias 
been cfont' for iIk- replik-s b\ llic- fnu' 
studies oJ Kui^ffei, Meneke. WVnkebach, 
and others. In llie shield-siiaped 
minal disk of the Vi/.nn} the 

crocodile, the tortoise, and <itlier reptiles, 
we find in the middle of the hind border 
(at the same spt)| as tlie si( kle j.jroovi' in 
tile bird) a liansverse liiir4)\v f ii), which 
leads into a Hal, ]V>iich-Iike. blind sat, ' 
the primitive }^nt. The fore (dorsal) and 
hind (\ential) lips of the tr.insverse 
furrow loirespond es.ic tiv to the lips of 
the primitive mouth (or sit kle-j^roove) in ' 
the birds. j 

The nastrulation of the mammals must ! 


I first advanced Ihi.s fundamental prin¬ 
ciple in niy e.ssa}’ On the Gastnilation of 
Aliimmals (1877), and .souf^ht to show 
in this way tliat 1 assumed fi gradual 
degeneratian of the food-yelk and the 
yolk-sac on the way frtim the proreptiles 
to the mammals. “The ceiiogenetic 
process of adaptation,” I said, “ w'hioh 
has occasioned the ,itrophy of the rudi¬ 
mentary yelk-sac of the mammal, is per¬ 
fectly t je.ir. It is due to the fact that the 
young of the mammal, whose ancestors 
were certainly cniparous, now remain a 
long time in the womb. As the great 
store of food-yelk, w'hich the oviparous 
ancestors gave to the egg, became super- 
lliioiis in their descendants 
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I-'kj. (,.• Germinal disk of the lizard < / .ait'riii f/(,v// 

li piiuiilivi* in^^uth, A siolvU, i's tuthiNi^iv 
/iiul dark I imnativi* .iti .1 


be derived from this speci.al embryonic 
devvlopment oi the reptiles and birds. 
This latest and most advanced class of 
the vertebrates has, as we shall see after¬ 
wards, ev'olved at a compar.iiivelv recent 
date horn an older group of repiiles ; and 
xdl these amnioles must have come origi¬ 
nally from a common stem-form. Hence 
the distinctive embryonic process of the 
mammal must have arisen bv cenogenetic 
modifications ffom the older form of 


owing to the k>ng carrying m 
the womb, and the maternal 
blood in the wall of the uterus 
made itself the chief .source 
\ of nourishment, the now use- 

less Velk-sac was bound to 
atrophy bv embrvc'nic adapta- 

opinion met with little 
approval .U the time; it was 
vehemently .ittacked bv Kol- 
liker, Henseii,and Jlism par- 
ticular. ilovvever, it lifts been 
/; - ff'>‘du.illy accepted, and has 
^recenllv been lirmly e.stfib- 
lished bv a large number of 
Bp/ excellent studies of m.ammal 

R_—— « g.isti Illation, especially by 

i _' I'-d w ai d \'an Heneden’s studies 

of the i.diliii and bat, Selenka’s 
on the marsupials and lodents, 
Heape’s .md Lieberkuhn’s on 
the mole, Kupflerand Keibel’s 
on the rodents, Ikninet’s on 
the rumin.lilts,etc. From the 
general comparative point of 
view, Carl R.ibl in his theory of 
the inesodi'rni, tisc.ar Hertwig in the latest 
edition ol his tl/anno /and Hubrecht 
in his S/ifities in Mamuialinn Embrvology 
(iSpi), h five supported the opinion, and 
sought to derive the peculisirl) modified 
gastrulation of ihe mammal from that of 
the reptile. 

In the meantime (18X4) the studies of 
Wilhelm Hjiacke find Cfildwell provided 
a proof ol the long-suspected and very 
interesting fact, that thelow'estmammals, 


gast.rulfitioii o( the^ reptiles find birds, ^the moiiolremes, lav like the birds 

L'litil we admit this thesis we cannot and reptiles, and are not viviparous like 
undei stand the form.it ion t>f the gerniiiifil the other nianimals. Although the gas- 
l.ayeis in the mfimnifd, and therelore in trulation of the monotremes was not 
man. rexilly known until studied by Richard 
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Semon in 1894, there eould be little 
doubt, in view of the >'rcat size of their 
food-yelk, that their ovum-se^nientatioii 
was discoid, and led to the foniialion of 
a sickle-immthed discoj^aslruhi, as iu the 



Fig 6v— Ovum of the opossum (/ 
divided into four. (I'rom Srlr>ik,i ) b till- lour 
st‘K’mont;ition-cvlls, v dircilivc IkhJn, t untiutli'aUxl 
coaf^ulatt^] miittor. / .ilhiiiuin-nioinbr.iiu' 

ease of the reptiles and birds. Hence 1 
had, in 1S75' in my essay on Thi' ittistnila 
andt 0^'nm - of ^\niinal\), 

counted the monotrenies amonj^ the dis- 
cohlastic vertebrates. Tliis hypothesis 
was established as a fart nineteen years 
afterwards by the careful observations of 
.Scinon ; he f^ave in the second volume of 
his {^real work, Zoohiji:^'uol fonnuys in 
Australia (iSu^), the first description and | 
correct explanation of the discoid j^astru- 
lation of the monotrenies. 'I'he fertilised 
ovaof the two liv ini^ monol remes^ Echidna 
and Ornithorhvni hits ^are balls ol one-fifth 
of an inch in diameter, enclosed in ,t stilf 
shell: but they j^^row considerably durinj^ 
development, so that when laid the is 
three time.s as large. The structure of 
the plentiful yelk, and especially the rela¬ 
tion of the yellow and the white yelk, are I 
just the same as in the reptiles and birds. | 
As with these, partial cleavage takes | 
place at a spot on the surface at which 1 
the small formative yelk and the nucleus ! 
it encloses are found. First is formed a 
lens-shaped circular germinal disk. This | 
is made up of several strata of cells, but : 
it spreads over the yelk-ball, and thus I 
becomes a one-layered blastula. If we j 
then imagine the yelk it contains to be | 
dissolved and replaced by a clear liquid, | 
we have the characteristic blastula of the ' 
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higher mammals. In these the gastrula- 
tion prix'eods in two phases, as Semon 
rightly observes : firstly, formation of the 
entiKlerm by cleavage at the centre and 
further growth at the edge; .secondly, 
invagination. In the monolremes more 
piimitive conditions have been retained 
better than in the reptiles and birds. In 
the l.'Uler, before the commencement of 
the gasirula-lolding, we h.ive, at le.ist .at 
the peiipherv, .a two-l.iyered embryo 
forming liom (he ileav.igc. Ikit in tlie 
monotiemes the loim.ition of the ceno- 
genelic entoderm does not precede the 
invagination ; heiuo in this i,i.se the con¬ 
struction of (he germinal lavers is les.s 
niv'difietl than in tlie other amniota. 

The m.irsupials, a second sub-class, 
come next to the oviparous monotrcnic.s, 
the oldest of the m.immals. But as in 
their case the food-yelk is already ;ilro- 
phied, .ind the little ovum dcv'clopcs 
within the mother’s Iiody, the partial 
cleavage'has been reconverted into total. 
One section of (he marsupials .still show 
points of .igivement with the monotrenies, 
whi le allot her sect ion ol (hem, .iccording 
to the splendid investig.itioii'- of .Selenka, 
tiirni ,i connecting-link betvv'een (heseand 
the placent.'ils. 

I he iertilised ovum ol the opossum 
( Dtdi'fphys ydivides, accordingtti Selenka, 
first into twai, (hen foui, (hen eight eqLUll 
cells; hence the segmentation is at first 



Fig 64 —Blastula of the opossum (thdelfthys). 

(From Srlenka ) a .'inim.il pel, iil the bla4tul.'i, v 
vo^fi‘t;il pi^le, mothi-r-ii-tl oi tlu- < nttuti-rni, #'.t i-cto- 
iliTinii' lelts, .1 sjjcrmia. ib iiiiniii li ati-il vetk-ballh 
(rimaintlor ot the toiKl-yelk), f> alliuinin membrane. 

equal or homogeneous. But in the 
course of the cleavage a larger cell, 
distinguished by its less clear plasm and 
its containing more yelk-granules (the 
mother cell of the entoderm, Fig. 64 en), 
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separates from the others; the latter; 
multiply more rapidly than the former. ! 
As, further, a quantity of (liiiJ leathers in ! 
the morula, we j^et a round blast ula, the . 
wall of whic h is of v.irvint*’ 1 hickness,Jike ! 
that of the ainphiovu-. O'iM-^ 38 E) and 
the amphibia 45). I'lic upper or 

animal hemisphere is binned of a larj^e l 
number of Miiall cells ; the lower or 
vegetal hemisphere of a small number 
of larf»'e cells. One of the latter, distin- 
j^uished by its si/e (Ki>^- *>4 cw), lit-s at the 
ve^’el.'il pole of the blastula-.ixis, at the 
point wheie the nrimitivi- mouth .ifter- 
w.trds appe.irs. 'I'liis is (he mother-i'ell 
ol the entoderm ; it now bej^ins to 
multiply by cleavaj^^e and the dauf^hter- 
cells (Kij^. <15 i) spread out from this spot 


g’astrula (Fijj. 66) gradually .changes into 
globular, a larger quantity , of fluid 
accumulating in the vesicle. At the same 
time, the entoderm spreads further and 
further over the inner surface of the 
ectoderm (c). A globular vesicle is 
foiined, the wall of which consists 
of two thin simple strata of cells; the 
cells of the outer germinal layer are 
rounder, and those of the inner layer 
llritter. In the region of the primitive 
mouth (p) the cells are less flattened, 
and imilliply briskly. From tills ^oint— 
from the bind (ventral) lip of the primitive 
mouth, which extends in a certlfEll cleft, 
tile primitive groove -Ihe coHStrdction of 
the inc'.sodcTin proc’ceds. 

Gastrulation is still more moulfifed and 



Fuj. <>5. 



Fk;. M.. 

Fi(i. fi.s - Blastula of the opossuth 

( J.'it (Ik- iH'ninninjf o( (^astriilHtiiin. 

(I'lOiii Si'lruka.') (' iitodiTm, # cnttulcrni, a 
,iiiiiii.il pole, u primitive moiJtli .it the vepctal 
poll../ M‘nnieiit,ltio!i-eavil>, d unnuclcated 
\elk*l>alK (rein<1 of live iiiliieevt foiKl-yolk), r 
■iiieli'.itej viinl (vvitlunil vetk-('r:inule.s). 

Fill r>t>. Oval Kastrula of the opossum 

C/, iilioiii eijflit hours old. (From 
(e\teiu,il Mewl. 


over the inner surface of the blastula, 
though at first only o\er the vegetal 
hemisphere. The less clear eiitodennic 
cells (t) are distinguished at first h\ 
their rounder shape and dtuker nuck-i 
from the liigher, cle.irer, and longer 
entodcrniic cells ( c ) ; afterwards both are 
greatly tlattened, the inner blastodermic 
cells more than the outer. 

Tht' unnuclealed yelk-balls and curd 
(Fig. 65 </) that we find in the fluid of the 
blastula in these marsupials are very 
remarkable ; they are the relics of the 
atrophied food-yolk, which wa.s developed 
in their ancestors, the monotremes, and 
in the reptiles. 

In the further course of the giastrula- 
tion of the opossum the oval shape of the 


curtailed ccmigenelically in the placcntals 
than in the marsupials. It was first 
accurately known to us by the distin¬ 
guished investigations of Edward Van 
lieneden in i>>75, the first object of study 
being the ovum of the rabbit. But as 
man also belongs to this sub-class, and 
as lii.s as yet unstudied gastrulation 
cannot be materially different from that 
of (he other placcntals, it merits the 
closest attention. We have, in the first 
place, the peculiar feature that the two 
first segmentation-cells that proceed from 
the cleavagfi of the fertilised ovum 
(Fig. 68) arc of different sizes and natures; 
the difference is sometimes greater, 
sometimes less (Fig. 60). One of these 
first daughter-cells of the ovum is a iitfib 
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larger, clearer, and more transparent 
than the other. Further, the stnaller 
cell takes a colour in carmine, osmium, 
etc., more strongly than the larger. H\ 
repe;itcd cleavage of it a morula i^ 
formed, and from this a blastula, which 
changes in a very characteristic way into 
the greatly modified g.istrula. When 
the number of the segmentation-cells in 
the m.ammal embryo has re.iched ninety- 
six (in the rabbit. ibv>ul se\enty hours 
after impregnation) the lu-tus assumes a 
form very like the archigastrul.i (Fig. 7.’). 
The spherical embryo consist sofa centrid 
mas.s of thirty-two soft, round cells with 
dark nuclei, which are llattened into 
polygonal shaiie by mutual pressun-, 
and colour dark-l'rown v ith sismic .acid 
(Fig. 72 /). This dark lentral group of 
cells is .surrounded by a lii;lner spherical 
membrane, consisting of si\t\-foiir cube- 
•shaped, small, and line-gi .'lined cells 
which lie close together in .1 single 
stratum, and only colour .slightly in 
osmic acid (Fig. 72 c). J'he authors who 
regard this embi'jonic form as the 
priniiiry gastrula of the jilacental concei\e 
the outer layer as the t.cU>derm .md the 
inner .is the entoderm. The eiitodermic 
membrane is only interrupted at «'ne spot, 
one, two, »>r three of the ei lodermu cells 
being loi>se there. I'luse liirm the \elk- 
stoppc'i', and till up the mouth tif the 
gastrula (n ). 'I'he centr.il primili\e gut- 
cavity () i^ foil of eiitodermic cells. 
The imi-.ixial t\pe of the mammal 
gastrula is accentuated in this way. 
However, opinions still dilfer considerablv 
as to the re.il nature of this “ provisional 
g,aslrula” of the pl.icental and it.-, relation 
to the bl.istula into which if is converted. 

As the gastrula!ion proceeds a large 
spherical bl.istula is formed from this 
peculiar solid amphigastrula of the 
phacental, .'xs we saw in the c.ise of the 
marsupial. The accumulation of Iluid in 
the solid gastrula (I'ig. 7d -1) le.ids to the 
formation of an eccentric c.ivity, the 
group of the darker eiitodermic cells ( hv ) 
remaining directly att.achexl at one spot 
with the round enveloping stratum of the 
lighter ectodermic cells ( rp). This .spot 
corresponds to the original primitiv'e 
mouth (prostoma or blastoporus). From 
tliis important spot the inner germinal 
layer spreads all round on the inner 
surface of the outer layer, the cell-stratum 
of which forms the wall of the hollow 
sphere ; the extension proceeds from the 
vegetal towards the animal pole. 


The cenogenctic gastrulation of the 
placental has been greatly modified by 
secondar}' adaptation in the viu-ious 
groups of this mo.st advanced and 
'■niingcst sub-class of the mammals, 
’riius, for instance, we find in many of 
I lie rodents (guinea-pigs, mice, etc.) 
opftarcntly a temporary inversion of the 
two germinal layers. This is due to a 
folding of the blastodermic wall by what 
is called the “girder,” a plug-shaped 
growth of Kauher’s “ roof-layer." It is 
.1 thin l.'uerof Hat epithelial cells, (lull is 
freed from the surface of (he blastoderm 
in some of the rodents ; it has no more 
signilic.mce in connection with the general 
comseof placental g.astrUlalion thail the 
conspicuous departure from the usual 



r'n.. ri7 - Longitudinal section through the 
oval gastrula of the opossum (I'i); <x)) (I'Vom 

priinllivf iiioiilli: f c'CliHlcTiti, / i-iitiHli-rin, 
1/ M'lk in till- primitive' |^iil-.'.ivilv (u). 

globular shape in (lie blastula of .some 
of the ungulates. In some pigs and 
ruminants it grow's into a thread-like, 
long and thin lube. 

Tlius the g.istrula I Ion of (he pkicentals, 
which diverges most from that of (he 
amphioMis, the primitive form, is reduced 
to the original type, the invjigination of a 
modified blastula. its chiel peculiarity 
is (hat the folded pari of the blastoderm 
does not form a completely closed (only 
open at the primitive mouth) blind sac, as 
Is usual ; but this blind sac has a wide 
opening at the ventral curve (opposite 
to the dorsal mouth); and through this 
opening the primitive gut communicates 
from the first with the embryonic cavity 
of the bla^ula. The folded crest-shaped 
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entoderm j^rows with a free tiirular ; 
border on the inner surface of the ento¬ 
derm towards till' ve^Tftal poK- ; when it 
has reached tliis, and the inner surface of 
the blast Lila is completil} j^iown over, the 
primitive f^ut is closed. I'liis remarkable 



I'lii ()S Stcm-ccIl of the mammal ovum (lii>m 
till'r.ilfldO. /* sli’in-iuu It'iis, <1/ nut It .ir i v>r|>ust k ./V prt^- i 
lo]>l.isni t»l llu slcni-till, tiuHliiuil /t^n.i ]>tlint.idu./; > 
ouU'i «iliniiiniKnis iiit.iiihi.inc, .s dt .ul spcinwt IK. | 



Fu. Incipient cleavasrc of the mammal 

ovum (Inmi (111* i.ihhit) 'riu- slcnwcll 1 ms tiixuicJ 
uitt> 1 wo uiuh|im) cells, t^iu' (t aiul t>tic iKiikii* 

( i ). z pclliu'iiki, // oiitt‘1 .illuimiiunis nicnihi.inc, 

A JimJ sjh nii-ccll 

direct transitior, of tlio primitive f^ut- 
cavity into the sei^mentation-cavity is 
c.xplained simph by the assumption that 
in most of the mammals the \elk-mass, 
which is still possessed by the oldest 
forms of the class (the monotremes) and 


thi'ir ancestors (the reptiles), is atrophied. 
J his proves the essential unity of jjastru- 
lation in all the vertebrates, in spile of the 
strikiuf^ dilfereijc'vs in the various classes. 

In order to complete our consideration 
'f the impoitaiU proces.ses of scgnienta- 


X 



I'll. 7«. The first four segmentation-cells of 
the mammal ovum (tn<m thf i.it)l)ii) r tin- two 
l.i! IM 1 (.iiul lij^hU 1 1 11 lls, / the 1 \v o SUM Her (and darker) 
nils, c. /oii.i pt Ihu ul.i, /: oilier a 1 hiimin(.>iis nicinbratie. 



Fa.* 71 Mammal ovum with elRht segmenta- 

i lion-cells (Ironi the rahhil > r tour lar^o*and liRhlcr 
i ci'lls, / lourr and darker cells, s /oii.i pelUicidai 
j Ji Ollier alhuniinc>us membrane, 

I tion and j^astrulation, wc will. In cc»nclu- 
' sion, cast a brief t;lance at „the fourth 
chief tvpe - superficial sej^montation. In 
^ the vertebrates this form is not found at 
j all. But it plays the chief part in the 
1 lar^e stem of the articulates—the insects. 
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spidiTs, myriapods, .iikI itahs. I’Ik- ilis- j 
tiiictive form ol i^a^liula tii.it lomcs 
of it is the “vosioul.ir i;,v>lriila" ( /’, n- 
g’iistnthi). 

In (he ova which uadel^■o (his siipei- 
ficial clca\aije the foiniatiw \clk is 
sliarply divided from (lie iiutiiti\V‘ yelk, 
as in tile precediiii;; cases of (he o\a of 
birds, reptiles, lislies, etc.; the form.iliie 
yelk alone imdery^oes ile.uam-. Mot 
while in the o\.i willi discoid }j[.islriilatioii 
the form.itiie lelk is not in llie centie, 
but at one pole ol the unl-.'i\i.i! o\ iim, and 
the lood-yelk leathered at the olhi-r pole, 
in the ova with supei fici.il cle.ivai^e we 
find the formatiie \elk spie.id oxer the 
whole surfaci- id' the <niim; it eiitloses 
spherIcalK (lie lood-\elIi, which is av cu¬ 
mulated in the middle ol the ox.i. .\s ilie 
.sefjmenlation onlv .affects the lormei .ind 
not the l.ittiT, it is hound to he eiitiieh 
“ superlici.il ”; the store of food in the 
middle is <.|uile untouched h\ it. \s a 
rule, it proceeds in ret;ul.ir L;eomel 1 ic.1} 
prof.(ressiciii. In the end the whole ol the 
(omiative yc'lk dixides into a nuinhca' of 
.small and homoi^wneoiis cells, which lie 
close (Oi^c ther in a sini^le stratum on the 
entire sutlace of the o\um, .md loini a 
superlici.il hlastoderni. 'riiis hl.isiciderm 
is a simple, completelv closed \esicle, the 
intern.al ca\il\ of which is eiitireh full 
of food-\elk. 'I'liis re.il blast ul.i only 
differs frcmi that of the primitive ov.i in 
its chemic.il composition. In the latter 
the content is water or a w.itety jelly ; m 
the former it is .1 thick misture, rich in 
food-yelk, of aihuininous ,md latt\ suh- 
stances. .\s this cjuantity of lood-\elk 
fill.s the centre of the o\ um before cle.av at^e 
bey;iiis, there is no difference in this respect 
between the morula and the blastula. 
The two stages rather a^ree in this. 

When (he blastula is fully fcirnied, we 
have again in this case the impoitant 
folding or inv.igin.ition (hat deteiinines 
gastrulation. The sp.tce between the 
skin-layer and the gut-layer (the re¬ 
mainder of the segmentation - cav it\) 
remains* full of food - \elk, which is 
gradually used up. This is the onlv 
material difference between our vesicular 
gastrula (perit^astiula) and the original 
form of the bell-gastrula ( anhii>astriila ). 
Clearly the one has been developed from 
the other ih the course of time, owing to 
the accumulation of food-jelk in the centre 
of the ovum.' 

* On the rcsluction of .vll fonns ot ;r.istruIation to I 


We must count it .m important adv.ince 
that weaie thus in a position to leduce 
all the various embryemic pheiiomen.i in 
the difi'erent groups of animals tc> lhe.se 
four principal fotms of segment.it ion 
.Old gastrulalicin. t^f these font forms 
we must legat'd one only .is (he original 
p.ilingenetic, and the other tlnee as 
ceiiogenelic and deiivalive. d'he un- 
eiiu.il, the discoid, and the superficial 
sv'gment.ition h.ive .ill clearlv ai iseil by 
second.ii\ .id.iplation liom (he prim.irv 
segment.It,ion ; .md the c hief cause of their 
development h.is bi-eii the gi.idii.il lorma- 
tion ol the food-\elk, .md the increasing 
.mtithesi-. betwevn .mim.il .md vegetal 
h.lives of the ovum, 01 between ectoderm 
(skin-laver) .md entodeiin (gut-laver). 



int; 7.' -Ga.striila of the placental mammal 

troiii till i.iUhil). loMLriUulin.il sivtuui 
t)i(‘ axis, r n tiuh rum k )K (slxt^ -toui, 

;iic(.l sin.illi’r), / cntiiLliTtnii 11 Us (I iiii t \ >1 vvit, li.uUir riiul 
l.ir^rr), r/Ii'ntiill I'lititili rmu riH, lillint' llii piiiiiittvi; 
};iit-i.<LMt V. 2)i.riplii’t.il I iiUiiitM ntii I i 111 sUippiiif.' lip t fie 

(ipiMMiif' i>f pnniiUvt ipoutli <\c]k-st(ippLi in (lie 
Kuscoiimii ;nius). 

The numbers of careful studies of 
animal g.istrul.ition that h.ive been made 
j in (he last few dc-cades h.ive completely 
! est.iblished tin- views 1 h.ive evpounded, 
and which 1 lirsi advaiicc-d in the years 
I 1S72 yt). For a lime they were greatly 
I disputed by m.iny einbryologisis. .Some 
s.iid that the original embryonic' form of 
the metaxoa w.'is not the- gastrula, but the 
“ planul.i ” a doubli-vvalled vesicle with 
closed cavilyand without mouth-aperture ; 
the latter was supposed to pierce through 
gradually. It was .iftei vv.irds shown that 
this planulaO'ound in sever.d sponges,etc.) 
was a l.iter evolution from the gastrula. 

the c'ritfinal p.ilini'i. ii< tic furni sci espt liatly the lucid 
IrcatmLnt of the siihii*.t in Arnold Kang'h Muntml 
('omfKtt^aiive Anatomy Pari 1 . 
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It was also s/ioM'n that u'lial is railed 
de/afT)inatioi) tin- rise of llie (wa» primary 
fferminal layers by Lbe Ibldin^ of the 
sur/iicc of the blastoderm tri>r iastatue, in 
the Ch’ryonidtP and oiliei medu>a‘) - was 
a .secondary fonnalio/i, due locejioyeiielic 


i they attach themselves to the inner wall 
of the blastula, and forma second internal 
epithelial layer—that is to say, the ento¬ 
derm. In these and many other contro¬ 
versies of modern cmbryolojfy the first 
reijuisite for clear and iicilural explanation 



Fkj. 73- GAStPUlfl Ot the PAbblt. A as a sttlitl, spherical cluster of cells, /? chanyfinK* into the embryonic 
VCKicle^ bf* primitive iiUMith, efi ectoiiv rm, hy enloJi rni. 


variations from the original invai^ination ; 
of the blastula. The same may be said 
of what is c alled “imini^;r:ition,” in which 
certain cells or ^naips of cells are detaclu'd 
from the simple l.i\er of tlie blastoderm, | 
and travel into the intei ica' of tlie blast ul.i ; i 


is a careful and discriminative distinction 
between palinp[enelic (hereditary) and 
eetiopfenelic (adaptive^) processes. If this 
is propel I) :il tended to, we find evidence 
everywliere of the hioi^enetic law. 


Chapter X. 

THE CQiLOM THEORY 


The two “primary germinal layers”; 
which the gastnea theory lias shown to 
be the first foundation in the construetion 
of the lx)dy are found in this simplest form i 
throujfliout life only in animals of the . 
lowest grade—in the gaslneads, olynlhus 
(the stem-form of the sponges), h\dra, 1 
and similar very simple animals. In all ; 
the other animals new strata of cells are ' 
formed sub.sequently between these two j 
primary body-layers, and these are gene- ■ 
rally comprehended under the title of the ; 
middle layer, or mesoderm. As a rule, the i 


various products of this middle layer after¬ 
wards constitute the great bulk of the 
animal frame, while the original entoderm, 
or internal germinal layer, is restricted to 
the clothing of the alimentary canal and 
its glandular appendages; and, on the 
other hand, the ectoderm, or external 
germinal layer, furnishe.s the outer cloth¬ 
ing of the body, the skin and nervous 
system. 

In some large groups ’ of the lower 
animals, sucli as the sponges, corals, and 
llat-worms, the middle germinal layer 
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remains a single ccmnerled mass, and , 
most of the Ixidy is developed from it ; ' 
these have been called the three-layered 
metazoa, in opposition to the two-layered | 
animals described. Like the two-layered 
animals, they have no bod>-ca\it\ 
that is to saVi no c.'ivily distinct from the 
alimenttiry s\stem. On the other hand, 
all the higheranimalshavetliisre.il bod\- ' 
cavity crt 7 fl/«rt^, and so are c.illed t o'ht- 
maria. In .all these \\e can distinguish 
four secondary geiminal layers, which 
develop from the two primary layeis. 
To the same cl.ass belong all true \er- ' 
malia (excepting the platodes), and .ilso 
the higher typical animal stems that lia\e 
been evolved from them mollusis, 
echinoderms, articulates, tunic.ites, and 
vertebrates. 
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of nutrition in the multicellular animal- 
body, is the oldest and most important 
organ of all the metazo.a, and, together 
with the primitive mouth, is formed in 
every ca.se in the ga.strula as the primitive 
f>ut ; it is only at a*much later sl.age that 
the body-c.ivity, which is entirely wanting 
in the civlenler.-ita, is developed in some 
of the met.'izo.i between the ventral and 
the body wall. The two cavities are 
entirely dilTeienl in content and piirfHirl. 
riie .ilimenlary cavity ( t'ntenni) serves 
the purpose of digestion ; it conL.iins 
w.'iter .-ind food taken from witluuit, its . 
well as the pulp (chymn .) formed from? 
thi'. by digestion, thi the other hand, 
the hoil\-c:i\it\, tjuile distinct from (ho 
' i;ut and i losed externally, has nothing to 
' do with digestion ; it encloses the gut 



I'li.s 74 .iikI 7s Diagram of tho four secondary 
germinal layers. _ tinii<iviTsc Mvti. n ihiougli the 
nu't.i/iiii I'inhrve I’lg. 74 ol .'in ;iiini.'Iiil. Fig. 75 »>t' a 
vcrin.ili.iri. ti |iiiinitl\i- gut, tiJ vi'iitr.ii glaiuliil.ir 
laser, df veiitr.il (ibre-l.iyei, hm skiii-tihre-layiT, hi 
skin-sonse-lii>i I, « beginning el the riiJiiiientary 
kidneys, h lk:ginnii)g ol the nerve-platesi. 


The body-cavity (arloma) is therefore j 
a new acquisition of the animal body, 
much younger than the ;ilimentaiy system, 
and of gre;it importance. I first pointed 
out this fundamental significance of the 
ctelom in my Monograph on the Sponj^cs 
(1872), in the section wdiich draws a dis¬ 
tinction between the body-cavity and the 
gut-cavity', and which followsiinmcdialely 
on the germ-layer theory' .and the ancestral 
tree of the animal kingdom (the first sketch 
of the gastriea theory). Up to that time 
the.se two principal cavities of the .animal 
body had been confused, or very imper¬ 
fectly distinguished ; chiefly because 
Leuckart, the founder of the cfclcnterata 
gTOup(i848), has .attributed a body-cavity, 
but not a gut-cavity’, to lhe.se lowest 
metazoa. In reality',,the truth" is ju.st the 
other way’ about. 

The ventral cavity, the original organ 


itself and its glandular appendages, and 
also contains the sexual products .and a 
certain amount of blood or lymph, a fluid 
that is transuded tlimugli the ventral 
wall. 

As soon as the body-cavity appears, tho 
ventral waill is found to be separated from 
the enclosing body-wall, but the two 
continue tt> be directly' connected at 
various points. We can also then always 
distinguish a numlxir of different layers of 
tissue in both walls - at least two in each. 
These tissue-layers are formed originally 
from fourdifferent simple cell-layers, which 
are the much-discussed four secondary 
germinal layers. The outermo.stof these, 
tile skin-.sense-laycr (Figs. 74, 75 Ajr), and 
the innermost, the gut-gland-laycr ( dd), 
remain at first simple epilhelia or cover¬ 
ing-layers. The one covers the outer 
surface of the body, the other the intler 
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surface of the ventral wall ; heiue they ' 
are called confining or liinitinj^ layers. 
Between them are the two middle-layers, 
or mesohlusts, which enclose the bod\- 
cavity. 




' .y 



Kill 7 (> CcBlomula of sapitta (tr.isiini.i mtli .1 

' ‘ i ' '* ■ in J hi f* 

iiWHitli, til priiinti t /V.' *Ki i-ic>Uls, 

i<‘n( irunith. 

'I'he four si-coudaiN m'tmiual I.imt'. 
are so dislt ihuled in ihi' sli in liiie ol liie 
hoil\ in all the cielom.iiia (or all mela/oa 
that have a hody-cavil\) (hat the oulei 
two, joined last loi;ilher, loiisiilule the 
body-wall, and the inner two the \ential 
w.ill ; (he (wo w.ills are sejMiated b\ (he 
c.i\i(\ of the civlom. ICach of the walls 
is made up of a limiliu}^ la\ei and a 
middle laN'r'i". I'lie two limiting la_\ers 
cliielh .uhe rise to epitlieli.i, or lawerin^^- 
tissues, and i^lanils and neiaes, while (he 
middle la\eis torm (he ^reat bulU ol (he 
fibrous ti.ssue, musi les, and tonneitive 
matter. 1 leuce the lallei ha\e also been 
called fibrous or muscular l,i\ers. 'Fhe 
outer middle la\ei, which lies on the 
innei side of (he slvin-seiise-Iayer, is (lie 
skin libre-laier; the inner middle layer, 
which attaches fiom without to the 
ventral f^^landular laiei, is the \entral 
iibrela\ei. The formei is usuall\ called 
brielly (lie p.irietal, and the latter the 
\'isceral la\er I'r mesoderm, t^f the many 
dilTerent names that ha\e been ”i\en to 
the four secondar\ neiminal layers, (he 
followini; are those most in use to-d.i\ : 

1 . Skin-sense- 1 Neural 
layer (auiir layer 

limiliitK I.ijit). ( tieutvblusi} 

j. Skin-fibre- 11 Parietal 
layer (autoi layer 
niulJli' l.nrr). ( niyohla\i) 

3 . Gut-fibre- 111 Visceral 
layer (innei layer 

miililU' l.ivi'i) (ytmol'/ast). 

4 Gut-Rland- lintcral 

layer linncr layer 

limitint; layer), (entemblasi). 


'i Till' two sivoiul.ir\ 

I uiTiiiin.il I. 1 MTS 
1 111 till- IhhIi-w.iH : 

I 1 Unithirlial. 

J 11. I'lbnnis. 

1 ’ 'Ik- tivii si-i-iiml.iry 
Hi-i iniii.'ll l.iM-rs 

I i>r till'-ill ■ 

I I ill l-'lbllHls 

' 1\'. Kpitlu-lMl 


The first .scientist to fecof^nise and 
clearly dislintjuish the four .secondary 
frerminal layers was Baer. ll is true 
tliat he was not quite clear as to their 
orif^in and further si^nitu ance, tmd made 
several mistakes in detail in explaininjj 
them. But, on the whole, their f^reat 
importance did not escape him. How- 
ex er, in later \ears his view’ had to be 
j.;;i\en up in i onsequi-nce of more accurate 
obsei vations. Rem.ik (hen propounded 
a three-layer thcorx, which was t^enerally 
aici-pted. These tiu-ories of ck'tivafje, 
however, bee:an to ^i\ewa\ thirty years 
a|L^o, when Kowalexsky (1S71) show’ed 
that in (he casi- of (a xeiy clear 

and (xpical subject of ^.^asirulation) (he 
Ixxo middle t^enniual lavers and the tw'O 
limitiin^ fixers .uise not In ileaxa^e, but 
In lokliui; l^x’;i seiondarv invagination 
of the prim.ux inner jj^^eriii-Iayer. This 
iin.i^in.uion or fixldinj.; procei-ds from 
till- primiiixe mixutli, at llu-two sides of 
which (riqht and left) a couple of pouches 
.ireloiuied. .\s these civlom-pouches or 
lo lom-sacs detach themselves from the 
piimitixe jnul, a tlouble body-cavity is 
iormed (Kij.;s. yq (1). 

The same kind of cielom-formation as 
in sa.qitta w.is aftejwards found by 
Rowalexsky in br.ichiopods and other 
invertebrates, and in (he lowest vertebrate 

(he amphiovLis. Further instances W’^cre 
discovered b\ two I''nj.;lish embryoloj^ists, 
to wlujin we owe verv considerable advance 

1 ) 


n, 

> 11 ' 

ik 
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I'ui 77. Coelomula of saRitta. In si-i-tliju. (From 

J/iiiu'ti;) ilors.il siji-, t' M-iilr.il suit-, inner 
HiTiniii.il l.nver. mi’ iisi-t-r.il mesoblast, lit bixlj-cavity, 
/n/> pniict.il iiK-soblast, uk outer germinal layer. 

in ontoireny - E. Ray-Lanke.ster and F. 
Balfour. On the strenjjth of these and 
other studies, as well as most e.vtensive 
re.search of their v»wn, the brothers Oscar 
and Richard llei twijj constructed in 1881 
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the Ca'Iom Theory. In order (o nppre- 
ciate fully the t^'re.it merit of this illmni- 
natinj^ and helpful theory, one must 
remember what a chaos of contradiclory 
vicws was then represented be the 
“ problem of the mesi>derm,”<ir the much- 
disputed “question of the oiij^in of the 
middle germinal layer.” 'riie colom 
theory brouf^ht some lij^ht and i>rder into 
this infinite confusion be est.iblishini; the 
followiiti^ points: i. 'I'he bodt-c.i\it\ 
originates in the great majority of .inimals 
(especially in all the \ertebr.ites) in the 
same way as in s.igitta .i couple of 
pouches or s.ics are foianeil b\ folding 
inwards at the primitive mouth, between 
the two prim.uw germin.d la\ers ; .isthese 
pouches det.'ich Irom tlie primitive gut, .i 
p;ur of C(elom-s;ics (right ;md left) are 
formed ; the cii.ilescence id tlu’se priKiiu es 
a simple botfj-cat it\. j. When these 
ctelom-embrjos detelop, not .is .i pair of 
hollow pouches, ljut as solid Liters of cells 
(in the shape of a p;iir of mesodermal 
streaks)- -as happens in the higlier terte- 
brales —we havea second.iry (cenogenetii ) 
modification of the prim.iry (palingeiiel ii) 
structure ; the two walls of the pou< hes, 
inner and outer, have lieen presM d logi'- 
ther by the evpansion of the Luge food- 
yclk. 3. Hence the mesoderm coiisistR 
from the first of /tiw genetically distinct 
layers, which do not originate b\ the 
cleavage of ;i prim.iry simple middle Liter 
(as Rem.ik supposed). q. 'I'liese two 
middle layers have, in all terlebrates, and 
the great majority of the invertebrates, 
the s.ame radical significance for the con¬ 
struction of tlie animal body ; the inner 
middle layer, or the visceral mesoderm, 
(gut-libre layer), .'iti.icbes itself to the 
original entoderm, and forms the fibrous, 
muscular, and coniieitite part of the 
visceral wall ; the outer middle Layer, or 
the parietal mesoderm (skiii-fibre-layer), 
attaches itself to the original ectoderm, 
and forms the fibrous, muscular, ;ind 
connective part of the body-wall. 5. It 
IS only at the point of origination, the 
primitive mouth and its tiiinilt, that the 
four secondary germinal layers are directly 
connected ; from this point the tw'O 
rniddle layers advance forward separ.itely 
bctw'ecn the two primary germinal layers, 
to wliich they severally attach themselves. 

' 6. The further separation or dilTerentia- 
tion of the four secondary germinal layers 
and their division into the various tissues 
and organs take place especially in the 
later fore-part or head of the embryo, and 


extend backwards fiom tlieiv towards 
the piimitite month. 

All .atiimals in which tiie body-c.ivily 
demonstrably arises in this tv.iy lioni the 
primitive gut (t ertehr.ites, tunicates, 
echinoderms, articulates, ;ind a part of 
the termali.al were compri.sed liy the 
llertwigs under the title of I'nfinnalu, 
and were conti.isied w ilh the other groups 
of \\\c f^si udiut) In (with false body-c.it ity) 
.iiid tlie ! nh'iilt'infii (with no body-cavity ). 
llottetei, tliis r.idic.il distinction and the 
views ,is to I Lissilic.ition wbicb it occa- 
sioiu-d li.ite bi-eti slant n to be untenable. 
I'urlber, tlw .ibsolute diliei v net's in tissue- 
lot in.itioii w liicli the llerltvigs set up 
lietweeir the enteioctela .itid pseiidoeicLi 
i.mnot Ix' sust.lined in this comiection. 
For these .md otliei le.isoiis their cieloiii- 
tlieoty h.is been mui h i riticised and partly 



I'm 7K Section of a yoiinK' sapritta. fl'iom 
dh tk .itui «// iniiLi and 

linatiiifi l.iNirs, ttw and iihut and iMitiT 
MiiddU* la\fis, Ik It \, dm .tiuJ di>rsal .ind 

\ ist i fill iiu’st iiti r\ • 

.ibandoned. Neverllie'ess, it has rendered 
a great and lasting ser .ice in the solution 
of the, ditlicult problem of the mesoderm, 
and a niateri.il part of it will cerl.iiiily be 
ret,lined. I consider it an especial merit 
of the theory tlial it h.is est.iblished the 
identity of the deviiopmenl of the two 
middle layers in .ill the vertebrates, and 
lias traced them as ceiiogenelic niodific.a- 
tions hack to tlie original p.diiigenetic 
form of development tli.it we still find in 
the amphioNus. C'arl KabI eonivs to the 
same eoni liision in his alile 'J'fu'ury of 
the Afi wnicnu, and so do Ray-f..ankester, 
Rauber, Kupifer, Ruckert, Selenka,, 
Hatschek, .and others, 'riiereis a general 
agreement in these and many other recent 
writers that all the dillereiit forms of 
cuL'loni-construi. tion, like those of gastru- 
lation, follow^ one ,ind the same strict 
hereditary law in the vast vei tehrale stem ; 
in spite of their ;ipparent dilTerences, they 
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are all only cenojfenctic modifications of 
one palingenetic type, and this orif^inal 
type has been preserved for us down to 
the present day by the invaluable amphi- 
oxus. 

But before we f^o into the rej'ular C(elo- 
mation of the amphioxus, we will j^Iancc 
at that of the arrow-worm (Suffttfa), a 
remarkable deep-sea worm that is inle- 
resting in many ways for comparative 
anatomy and ontof^eny. On the one 
hand, the transparency of the btidy and 
the embryo, and, on the other hand, the 
typical simplicity of its embryonic develop¬ 
ment, inake the* sa^itta a most instructive 
object in connection with various pri>bleins. 
The class of the chuioi^natliA, which is 
only represented by the lo^'^nate j^enera of 
Sa^iUa and Spadclla, is in another respect 


.afterwards arises). The two sacs are at 
first separated by a cv>uple of folds of the 
entoderm (Fig. 76 pv)^ and are still con¬ 
nected with the primitive gut by v^ide 
ajxjrtures ; they also communicate for a 
short time with the dorsal side (Fig. 77 </). 
Soon, however, the cielom-pouches com¬ 
pletely separate from each other and from 
the primitive gut ; at the same time they 
enlarge so much that they close round 
the primitive gut (Fig. 7S). But in the 
middle line of the dorsal and ventral sides 
the pouches remain separated, their 
approaching w.ills joining here to form a 
thin vertical p.u tition, the mesentery (dm 
.ind I'm). Thus Sai^tHa has throughout 
life a double body-cavit}' (Fig. 78 Ik), and 
the gut is fastened to the bod^-wall both 
above and below by a mesentery—belOW 



FlO. 7q. FlO. 80. 


Flos. 79 .ind 80. - Transverse section of araphloxus-larvs. (FromArt-) Fie 79 at tlic rommence- 
mpnl ot cceloin torm.ition (still without sej^monts), Fiff. 811 .at (ho st.-ifjo with tour primitive soi'niLtits. ak, ik, 
•nw outer, inner, .iiid muKIle (germinal layer, hft horn plate, mft medullar)' pl.ite, ih ehorda, * and * dUposition of 
the ctfiloni-pouehes, Ui body-c.ivity. 


also a most remarkable branch of the 
extensive vermalia stein. 11 was therefore 
very gratifying that Oscar llertwig (18S0) 
fully explained the anatomy, classification, 
and evolution ol the ch;etognatha in his 
careful monograph. 

The spherical blastula that arises from 
the impregnated ovum of the sagitta is 
converted by a folding at one pole into a 
typical archigastrula, entirely similar to 
that of the Momxenia which 1 described 
(Chapter VIII., Fig. J9). This oval, uni¬ 
axial cup-larva (circu lar in sect ion) hecomes 
bilateral (or Iri-axial) by the growth of a 
couple of ctelom-pouches from the primi¬ 
tive gut (Figs. 76, 77). To the right and 
left a sac-shaped fold appears towards the 
lop pole (where the permanent mouth, /«, 


by the ventral mesentery ( 7 »n), and j^bove 
by the dorsal mesentery (dm). The 
inner layer of the two cmlom-pouches 
{ nn') attaches it self to the entoderm (ik), 
and forms with it the visceral wall. The 
outer layer (mp) attaches itself to the 
ectoderm (ak), and forms with it the 
outer bod) -wall. Thus we have in Sagitta 
a perfectly clear and simple illustration of 
the original cielomation of the entcrocoela. 
This palingcnetic fact is the more impor¬ 
tant, as the greater part of the two body- 
cavities in Sagitta changes afterwards 
into sexual glands—the fore or female 
part into a pair of ovaries, and the hind 
or male part into a pair of testicles. 

Co-'lomation takes place with equal 
clearness and transparency in the case of 
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the amphioxus* the lowest vertebrate, and 
its nearest relatives, the inver4;brate tunj- 
cates, the sea-squirts. However, in these 
two*, stems, which we class together as j 
ChonEnia, this important process is more 
complex, as two othqr processes are asso¬ 
ciated with it—the development of the 
chorda from the entoderm ;ind tlie separa¬ 
tion of the medullary plate or nert cuis 
centre from the ectoderm. Here again 
the skulless amphioxus has preserved lo 
our own time by tenacious heredity the 
chief phenomena in their original i\)nn, | 
while it has been more or less modi lied i 
by embryonic adaptation in all tlie other I 
vertebrates (with skulls). Hence we must j 
once more thoroughly understand the j 
palingenetic embryonic features of the . 
lancelct before we go on to consider the i 
cenogenctic forms of the craniota. > 


borders of the concave medullary plate 
fold towards each other and grow under¬ 
neath the horny-plate, a cylindrical tube 
is ‘‘orined, the medullar) tube (Kig. S2 «); 
this (.mickly detaches itself altogether 
from the horny-plate. .\l each side ol the 
meduH.iry tube, between it and the alimen¬ 
tary lube (Figs. 7q-Sj the tw'o parallel 
longitudinal folds grow out of the dorsal 
wail of the alimentary tube, and these 
form the two C(vloin-poiiches (.Figs. 80 
.ind Si //;). This pail of the entoderm, 
which thus represents the first structure 
of the middle germinal layer, is shown 
darker (h.in the rest of the inner gcrnFmal 
lawr In b'igs. 79 82. The. edges ot the 
folds meet, and thus form closed tubes 
(Fig. Si in section). 

During this interesting process the 
tline of a third very important organ, 



Fra. 81. Fia. 82. 


Figs. 81 and 8a.— Transverse section of amphioxus embryo. Fin. «> >t ttw st.ine with five stimitc^. 
Fig. 83 at the stage with eleven honntes. (P'rom Jfatsthek.) ak miter girinin.il l.iyi r, mft niedullury plate, 
n nerve-tube, ik inner g'erminal layer, dh visci-ral cavity, Ih bixly-tavily, mk niiiidlc gentiitial l.tyer (wiit-1 parietal, 
visceral), us primitive segment, ch cliorda. 


The ccelomatioa of the amphioxus, 
which was first ob.served by Kowalevsky 
in 1867, ha.s been very carefully studied 
since by Hatschek (1881). According lo 
him, tb^e are first formed on the bilateral 
^strula we have already considered 
n^igs. 36, 37) three parallel longitudinal 
folds—one single ectodermal fold in the 
central line of the dorsal surface, and a 
pair of entodermic folds at the two sides 
of the former. The broad ectodermal fold 
that first appears in the middle line of 
the flattened dorsal surface, and forms a 
shallow longitudinal groove, is the begin¬ 
ning of the central nervous system, the 
medullary tube. Tiius the primary outer 
germinal layer divides into two parts, the 
middle medullas plate (Fig. 81 mp) and 
the hom^-plate (^ak), the beginning of the 
outer skm or epidermis. As the parallel 


the chorda or axial rod, i>j being formed 
between the tw'o cudoni-pouches. This 
first foundation of the skeleton, a solid 
cylindrical cartilaginous rod, is formed in 
the middle line ol the dorsal primitive 
gilt-wall, from tlie entodermal cell-streak 
that remains here between Uie Iwocieloin- 
pouches (Figs. yty-Sa ch). The chorda 
appears at first in the shape of a flat 
longitudinal fold or a shallow groove 
(Figs. 80, 81) ; it does not Ixjcoine a solid 
cvlindrical cord until after separation 
from the primitive gut (Fig. 82). fleiice 
we might say that the dorsal wall of the 
primitive gut forms three parallel longi¬ 
tudinal folds at this important period- 
one single fold and a pair of folds. The 
single middle fold becomes the chorda, and 
lies immediately Ixilow the gnxive of the 
ectoderm, which becomes the meduUaiy 
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tube ; the pair of foIJs (<» llu> ri,t,^lit and i S3, 84, in the third period of 

left lie at the sides between the former ! deveh>pment accordinj^ to Ha'tschek). 
and the latter, and form lli Cd'lom- (Strabo and Plinius fjive the name of 
pouches. The part of the primitive ut cordu/a or cor dy I a to .younpf fi.sli larvas.) 
that remains after the rultinj^ off of these I ascribe the utmost phylogenetic sijjiiifi- 
three dorsal primitive organs is tlie per- ) cance to it, as it is found in all theChorda- 
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TatiS. 8 ^ .uiit S4 -ChordulSV of tho aniphioxus. S^nn'ilian sLiUoii (srt‘11 frt im tlio left). 

rI k-R- l Ir.msvi'i SI’siH luiti. (t //ti/v(/ir’^-) lit 8; llu i U'luni-pmulii s .irc ontiUi’d, in order li> bhow the 
ilutrdiil.L inotv it ,rl> l-'i,. ", .itlii vli: ‘ ' H „( same 

(n ilors.il. n viMtlr.il), ih tlittril.t, nft IK iiropttrtis. tu* i.iit.tlis neiin iiiorn iis, ti ^iit-i.i\dy. /'^;iil ditrs.'il wall, 6 fjiit 
vc'iili.il w.ill, ■ v Ik-n Us III tin’ l.itU’i. « primitive iiioiitli, r> inoutli-pil, ^ proinesolil.ists (pnmitivi' oi polar I’l'lls ot 
tlie iiu'sodi'riii), ,v p.ii It t.il l.iyer, i* vissvi.il l.iyvr ol ills lUestHii’iin, t tt.eloni,_/ rest, ol the bctjnisnl.xtiiin-cavily. 



Fins. 8.S and8n Chordula Of the amphibia (the ringed .adder) (From 6'of//.’.) Fi^ 85 median lonpitiidin 
tion (been frvwi the left), Fiy. tin tr.insverse sevlum (slightly di.'it;r.jmmatu). Lettering- as in Figs. 8j and 84. 


manenl gut ; its entoderm is the giil- 
ghind-layer or enteric hiyer. 

1 give the niime of chordula or cfiorda- 
hir^Hi to the embryonic st;ige of the 
vertebrate orgiinism which is represented 
by the ainphioxus larva at this period [ 


animals (tunicales as well as vertebrates) 
in essentially the same form. Although 
the accumulation of food-yelk greatly 
modifies the form of the chordula in the 
higher vertebrates, it remains the same 
in its main features throughout. In all 
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cases the nerve-tube (m) lies on the 
dorsal side of the bilateral, worin-like 
body, the gut-tube (d) on the ventral 
side, the chorda (ch) between the two, 
on the long axis, and the cceloni pouches 
(c) -At each side. In every- case these 


descend from an ancient common ances¬ 
tral form, which we may call ('/lon/o’ti. Wc 
should regard this long-extinct Chord(Pa, 
if it were still in existence, as .i special 
class of uitarticulated wt'rm ( chordaria ). 
It is especially noteworthy th.it neithei 



Kig. 87 l- 'i’ ^ 


Figs 87 and 88 -DlaBPammatlc vertical section of coBlomula-ombryos of voi*tebrates. (Fmm 

^ Fi|j 87, vertical ststum tliroui^h the (ininitiXL. nuMitli I'm 8S, viitual i i I ionllu' piirnitni* 
•noalh « priiniti vi' nioiitli, u / priinitivi.' iriii. \ oik, volk-mu U 1, M .n il \. l/i IiikK -i .iv il \. >n/r nu diill,ii v 

plate, <A chorda plate, fiA and ik outer .ind iiinoi (fi’nnin.il l,i\ois, f'/i p.iiiot.il .iiul vA m'.ioimI ino'-iiUl.ist 



Figs. Sq and (jo. Transverse section of coelomula embryos of triton. (From /fi Hwn ) Fiif. 80, 
section through the primitive mouth. Fip </j, section in front ol the ]>rimilive mouth u primitive mouth. 
dh put-cavity, dz yelk-cells, df> yelk-stopper, ak outer .and tk inner perrnin.d l.iyer,panel.il .ind vh visceral 
middle l.ayer, m ini-dullary plate, (h chorda. 


primitive organs develop in the same way 
from the germinal layers, and the same 
organs always .arise from them in the 
mature chorda-animal. Hence we may 
conclude, according to the laws of the 
theory of descent, that .all these chordonia i 
or chordata (tunicates and vertebrates) 1 


I 

the dorsal nerve-tube nor the ventral gut- 
tube, nor even the chorda that lies 
between them, shows ,any trace of articu¬ 
lation or segmentation ; even the two 
cielom-sacs are not segmented <at first 
(thouj^h in the amphioxus they quickly 
divide into a series of parts by transverse 
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folding). These ontogenetic facts are of : in the same way as in the chordonia in a 
the greatest importance for the purpose of j number of invertebrates .which have no 
learning those ancestral forms Of the chorda (for instance, Saffitta, Figs. 76- 
vertehrates wliich we liavi' to seek in tlie 7S). Moreover, in the amphioxus the 
group of the unarticulaled vennalia. '■ first outline of the chorda appiears .later 
The co'loin-poui bes wc re originally sexual I than that of the ccelom-sacs. Hence we 
glands in these amieiit choidoiiia. 1 must, according to the biogenetic law. 

From the evolutionary point <if view the ' postulate a special intermediate form 
Cielom-pouches arc, in any case, older between the gastrula and the chordula, 
than the chorda; since lhe\ also develop ; which we will call arlomuln, an unarticu- 

lal’ed, worm-like body with 
m/ A mf primitive gut, primitive 

mouth, and a double body- 
cavity, but no chorda. 

ah 


tnh -j 
tk 

Chapter XX.). 

1 n .Vflg/V/rtand other worm- 


This embryonic form, the 
bilateral ca'lomnla (Fig. 81), 
may in turn be rega,rd^ 
as the ontogenetic repro¬ 
duction (maintained by 
heredity) of an ancient 
ancestral form of the ccelo- 
inaria, the Caclomcea (cf. 




like animals the two coelom- 
pouches (presumably 
gonads or .sex-glands) are 
separated by a complete 
median partition, the dorsal 
and ventral mesentery (Fig. 
78 dm and vm ); but in the 
\ertehrates only the upper 
part of this vertical partition 
iv maintained, and forms 
the dorsal mesentery. This 
mosenter} afterwards takes 
the form of a thin mem¬ 
brane, which fastens the 
visceral tube to the chorda 



Fig. 01 A, R, C.— Verlleal section of the dorsal part of three 
triton-embryos. (Frum Ht-rttvig.) In Fifj. A tin- meiiullarv s.tvcllinKs 
(the p.ir;illol K)nlers of the niedulinry plate) hen-in to rise; in Fip. It they 
jjrow towards e.ich «>ther; in Fifj. t’lhey join and torm the medullary 
tube. fn/> ini<dull.ary pl.ite. tn/ medullary folds, n nerve-tube, cJi chorda, 
ftbody-cavity, and W'ffl panet.al and visceral mesohl.xsts, urpriinithe- 
segment cavities, ah ectoderm, ih entoderm, dx yelk-ccUs, dh gut-cavity. 


(or the vertebral column). 
At the under side of the 
visceral tube the coclom- 
sacs blend together, their 
inner or median walls 
breaking down and disap¬ 
pearing. The body-cavity 
then forms a single simple 
hollow, In which the gut is 
quite free, or only attached 
to the dorsal wall by means 
of the mesentery. 

The development of the 
body-cavity and the forma¬ 
tion of the chordula in the 
higher vertebrates is, like 
that of thejgrtrfrtt/a, chiefly 
niodihed by the pressure 
of the food-yelk on the 
embryonic structures, which 
forces its hinder part into 
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a'discoid expansion. These cenogenetic 
modifications seem to be so great that 
until twenty years aj^o these important 

f rocesscs were totally misunderstood, 
t was generally believed that the bod\ - 
^cavity in man and the higher vertebrates 
was due to the division of a simple middle 
layer, and that the latter arose b\ elea\ age ' 
from one or both of the primary germinal i 
layers. Tlie truth was brouglit to light 
at last by ih comparative embr\ological 
research of the Hertwigs. The\ showed 
in their Ca'loni Theory (iS8i) that all 
vertebrates are true enlerocmla, and that 
in every case a pair of caulom-pouches are 
developed from the primitive gut hv 
folding. The renogeiietic chord uia-forms 
of the craniotes must therefore be derived 
from the palingenetic elnbrvolog^ of the 
amphioxus in the same way as J had 
previously proved for their gastrula-forms. 

The chief difference between the 
coelomation of the acratiia (amphioxus J 
and the other vertebrates (with 
skulls—craniotes) is that the two 
ccelom-folds of the primiti\’'e gut 
in the former arc from the first 
hollow vesicles, filled with fluid. 
but .in the latter are cinptc bbm 

pouches, the layers of which 
(inner and outer) close with each 
other. In common parlance we Fi« 
still call a ptiuch dr pockt't b) that pf || 
name, whether it is full i»r empty. 

It is dilfcrent in ontogeny ; in *""1! 

some of our embryological litera- 
ture ordinary logic does not count 
for very much. In many of the 
manuals and Large treatises on tins j 
science it is proved that vesicles, poiu hes, I 
or sacs deserve that name only when they i 
are inflated and tilled with a clear fluid, j 
When they are not so filled (for instance, t 
when the primitive gut of tfie gastrula is | 
filled with yelk, or when the walls of! 
the empty cielom-pouches are pressed 
together), these vesicles must not be 
cavities any longer, but “solid structures.” 

Tlie accumulation of food-yelk in the 
ventral wall of the primitive gut (Figs.85, 
86) is the simple cause that comerts the 
sac-shaped ccelom-pouches of the acrania 
into the leaf-shaped coelom-streaks of the 
craniotes. To convince ourselves of this 
we need only compare, with Hertwig, the 


imagine the ventral h.ilf of the primitive 
gut-wall in the amphioxus embrvo (Figs. 
79-84) distended with food - yelk, the 
vesicular ccvlom-pt)uches (Ih)' must be 
pressed t«igcther by this, and forced to 
extend in the .shape of a thin double 
plate betvvo'en the giit-w.ill and br^dy-wall 
(I'igs. Sb, 87). This expansion follows a 
downward and foivvard direction. They 
are not directh ciamected with these tW’O, 
w.ills. 'fhe real unbroken connection 
between the two middle layers and 
the prim.iry germ-l.aycrs is foun^ right at 
the back, in the region of the primitive 
mouth (Fig. 87 //). At this important 
spot we h.ive the source of embryonic 
development (bhistocrene), or “zone of 
growth,” Irom which the cielom.ation (and 
also the gastriil.ation) iwigiiially proceeds. 

llertwig even succeeded in showing, in 
the civlomula-embryo of the water .sala¬ 
mander ( Triion ), betwt'en the first struc¬ 
tures of the two middle layers, the relic of 


Fio. 42 - Transverse section of the ohordula-ombryo 

of a bird (Innn .t hens .it tlie ilnsf ot ihi' first fi.iy of 
liuiilvilioii) (I'riMn KuHihf) ) h liorii-pUiti- (ivtiHlcrin), m 
m>-dull.ir> pl.ito, Kf dors.il tolds ol s.iini', I'v nu'dujt.'iry 
tiirrow, ch cln>rda, uwh iiio,|i:in (iiintT) p.'irl iif the middle 
l.ivi-T (mi’di.'iii wall ol the teeloin-poiii'hcs). .v/k lateral (outer) 
p.irt ol sjimc, or l.iter.il pl.itos, wwh stnifturc ol tlie body- 
i.ivity. dd ('ut-ifl.ind-laycr. 


the bod)'-cavily, which is represented in 
the diagrammatic transitional form (Figs. 
87, 8S). In sections both through Ahe 
primitive mouth itself (Fig. 89) and in 
front t)f it (Fig. tx)) the Jwo middle layers 
(ph and vb) diverge from e.'ich tithor, and 
disclose the two body-cavities as narrow 
clefts. At the primitive mouth itself (Fig. 
90 u) w’c can penetrate into them from 
W'ithout. It is only here at the border of 
the primitive mouth that w'e can .show the 
direct transition of the two middle layers 
into the tw'o limiting layers or primary 
germinal layers. 

The structure of the chorda also .shows 
the same features in these cielomula- 
embryos of the amphibia (Fig. 91) as in 


palingenetic cadomula of the amphioxus the amphioxus (Fi)^s. 79-82). It arises 
(Figs. 80, 81) with the corresponding from the entodermic cell-streak, which 
cenogenctic form of the amphibia (F'igs. forms the middle dorsal line of the primi- 
89-90), and construct the .simple diagram tive gut, and occupies the space between 
that connects the tw'o (Figs. 87, 88). If we 1 the flat coelom-pouches (Fig. 91 A}, 
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Whilf the lUTvous tvntre is loniifd lioro 
ill the inIJdk* liiu- <»f (lu- h.ick and 
si-parali'd from llu' in lodi'rm as “mi-dul- 
lary tube," there lakes plait al the same 
time, direelIv underneath, the severance 
of tile chorda from the eiiloJerm (I' if^. 91 
A, li, ('). I'ndei I lie i horda is formed 
(out of the ventral enlodermic half of the 
f^astriila) the permanent i^iil or visceral 
cavity ( fnh'iim) (I''ij;’. 91 />, dh). This 
is done by llie co.ilescem e, under the 
chorda in the median line, of the two 
dorsal side-bordeis of the i^'ut-f^land-laver 
(ik), whit h weie previously separaletl b\ 
the ihorda-plate (l‘'i^^. 91 .J,c//), these 
now'alone form the t lolhin^ of the visceral 
cavity ^////^ (enleroderm, h'ii^. t)T ('). All 
tliese important modilications take pl.ue 
4 t liist in the fore or head-part of the 
embryo, and spusad backwards funii 
there ; heie at the hinder end, the re,i,^it)n 
of the primitive mouth, tlie important 
border ol the mouth (or f^rofn'Kistoma) 


possible as a matter of fact; ev'en the older 
illustrations showed an essential identity 
of features. Thus forty yeans ago Kblliker 
gave, in the first edition of his Human 
Emhrvoldi^y (iKtu), some sections of the 
chicken-embryo, the features of which 
could al once be reduced to those already 
described and explained in the sense of 
fieri wig’s cielom-theorv. section 

through the embryo in the hatched hen’s 
egg ttivvards the close of the first day of 
incubation shows in the middle of the 
dorsal surtaci- a bro.id ectodermic medul¬ 
la rv g^ioove (big. /i* f), and under¬ 
neath the middle ol the chorda (ch) and 
at each side’ ol it a couple c'f broad meso- 
di’imic layeis (i,f>). These- enclose a 
narrow space 01 cleft (uivh), which is 
nolhing else than the structure of the 
bc'dv-c av ily. The tvvc> lavers that enclose 
it the upper parietal layer (hpl) and the 
lower visceral laver (d!) -are pressed 
together from williout, but clearly distin- 



tk irw jy> tf J 

Fu!. Transverse section of the vertebrate-embryo of a bird (from n Ikh's the- second 

d.iv of iiunh.ilion) (From K<*i/tkrr ) h liitrn-[d.iU, mr niediill.ii) lubt. r/; ihoiiia, nv piimitive 

tnv/t pnmil i.niU (mCSli.in relu* ol the iivli'in-vlt It, .Uin-libi . d/ ^{Ut- 

fihre-l.nei, pnmilixe>kidiu'> p.issa^e, jtnniitixe .loit.i, i/d ^iil-Lil.ind-l.is11 


remains for a long lime' the source of 
development 01 the /oneof fresli i-onstriu'- 
tion, in the furlhei building-up of the 
orgMiiism. One has onlv to compare care¬ 
fully the illustrations given (h'igs. 85 cji) 
tci sc'e that, as|^ fact, the cenogenelic 
ccvlomation of ^he amphibia can be 
detlTiced diiectly from the palingeiielic 
form of the acrania (Figs. 79 8.^). 

The same principle holds good for 
the amniotes, the reptiles, birds, and 
mammals, although in this case the pro- 
ces.ses of ccelomation are more modified 
and more diflicult to identity on ac'count 
of the colos.sal accumulation of food-yelk 
and the corresponding notable tlatlening 
of the germinal disk. Hc’iwever, as the 
whole group of the amnicHes has been 
developed at a c'omparatively late dale 
from tlie class cvf the amphibia, their 
ccvlom.ition must also be directly trae'e- 
able to that of the latter. Tliis is really 


guish.iblc'. This is even clearer a little 
later, when the medullary fuiriwvis closed 
into the nerve-tube (Fig. c)^ ;;//■). 

.Special importance attaches to the fact 
that here again the four secondary ger¬ 
minal layers are .already .sharply distinct, 
and easilv separated from each other. 
There is only one very restricted area in 
which they are connected, and actually 
p.ass intci each other ; this is the region of 
thev primitive mouth, w Inch is contracted 
in the amniotes into a dorsal longitudinal 
cleft, the primitive groove. Its two lateral 
lip-borders Ibrm the pyimitive streak, which 
h.is long been recognised as the most 
import.int embryonic source and starting- 
point of further processes. Sections 
thrcnigh this primitive streak (Figs. 94 
and <)5) show' th.it the two primary ger¬ 
minal layers grow al an early stage (in 
the discoid gastrula of the chick, a few' 
hours after incubation) into the primitive 
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streak (x), and that the two inlddlo \ 
layers extend t»ut\vard fnan thi^ ihiclvL'iied 
axial plate (y). to the ri^ht and left 
between the former. The plates of tlie 
ctelom-ltiyers, the parietal skin-lihre-liwr 
(vi) and the visceral t^ut-libre-la\er ( f), 
are seen to be still pressed close toilet lier, 
and only diverge later to form the bod\- 
cavity. Between the inner borders of the 
two Hat cielom-piHiches lies the chorda 
(Fiff^. t)5 .i), whicli here .li^'ain develope-^ 
from tile middle line tif the dorsal w.ill of 
the primitive ^iit. 

Ctelomation t.dves pi,ice in the \erle- 
brates in just the same \v.i\ as in the ; 
birds and reptiles. This was to be ex- 


foiir secondai }’i^iM ininal la\ers loiisists of 
a sini^le stratum of cells. 

h'in.illy, we iniisl point out, as a fact of 
the utmost import,nice for our ant hi opo- 
^eny ;md of j^re.it j^enenil inleres*, th.il 
the four- 1 .lyeied cieIomul,i of man has just 
the s.mie construction .is th.il of iher.ibbit 
(l''li^. y()). A verlic.il section that t'ounl 
•Spec m.ide ihroiii^h the primitive mouth 
or sire.ik of a veiv voinii; hum.in }^er- 
min.il disk <17) ilearly shows th.it 

here ai;Min lhi‘ four sei’ond.irv ^ferm- 
l.ueis .lie iiisep.irablv connectetl only at 
the ptimilive stie.ik, .ind th.it heie also 
the two tl.itteiiv'd ca li>ni-|i.)n( lies (mi ) 
extend oiitw.irds to ri^ht and left liom 
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Figs, m .uut ns Transver.se section of the priii 'tlye streak (ppimltlvo mouth) of the chick. 

Fi(j. 1)4 .1 lew h.ims .iM.t III.’ i miiiiu lu . iii, iit ..I iiu iil. il jmi, I'ltr ,i liltle l.ilei (I'l.iin ll’tifi/ryi r ) h limn- 
plate. « luM \ I'-pl.ili. w slvin-lil)ri-l.i \ 11, / );iit-lil)ti -l.n . i, il ‘T. .1' pi imilivi .(lu-,ik iir .011.1 1 pl.tic, in 

which all Imir );irinin;il l.»\. 1 s iiu 1 1 . 1 slru.liii. i>t tin ilioiil.i, « ri^^i.inol llii' I.iUt pnniilnc IciJiit )s. 


peeled, as the characterisiic i;astriilation 
of the mammal has desi. ended from that 
of the reptiles. In both ca-w s a dUcoid 
^astrula with primitive streak arises fioin 
the segmented ovum, a l\vo-l.i\ered i^er- 
minal disk with long and sm.ill hinder 
primitive mouth. Here ayaiii the two 
primary germinal lavers .are onl\ directiv 
connected (Fig. i*() pr) along the primitive 
streak (at the folding-point ofthe bl.istul.i), 
and from this spot (the border of the 
primitive mouth) the middle germinal 
layers (mk) grow out to ii)^hl and left 
between the preceding. In the fine illus- , 
tration of the cadomula of the rabbit 1 
which V^an Benederi li.is given us (Fig. j 
96) one can clearly see that each of the i 


the primitive mouth hftkvveeii the outer 
.ind inner germinal Ia) 3 K, In this case, 
too, the middle germinal layer consists 
from the lirsl of two sep.irale slrat.i of 
ceils, the parietal ( mp) and visi w.il ( niv) 
mesoblasls. 

These concordant results of the best 
recent invesiig.itioiis (wdiicli have been 
( oiirirmed by tile observ ations of a number 
of scientists 1 have not enumerated) 
prove the unity of the vertebrate-stem In 
point of ctekmiatioii, no less than of 
gaslrul.ilion. In both respects the in- 
v.iluable amphioxus the sole survivoc of 
the acrania- is found to be the original 
model that has preserved for us in palin- 
genetic form by a tenacious heredity these 
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most important embryonic processes. 
From this primary model of construction 
we can ccnofcenetically deduce all the 
emTiryonic forms of the other wrlebnUes, 
the craniota, by secondary modifications. 
My thesis of the universal formation of 
the pfastrula by ftildiiifj^ of the blastula has 
now been clearly proved for all the verte¬ 
brates ; so also has been Herlwij^^’s thesis 
of theorif^in of the middle j^erininal layers 
by the foldinj^ of ;i couple of cmlom- 
pouches which appear ;iL the border of 


typical, unarticul£ited, worm-like form, 
which has an axial chorda between the 
dorsal nerve-tube and the ventral ^ut- 
tube. This instructive chordula (Figs. 
S3-86) provides a valuable support of' our 
phylogen^; it indicates the imjwrtant 
moment in our stem-history at which the 
stem of the chordonia (tunicates and ver¬ 
tebrates) parted for ever from the diver¬ 
gent stems of the other metazoa (articu¬ 
lates, echinoderms, and molluscs). 

I may exjiress here my opinion, in the 


mv mp 


tk 



Fio. it> Transverse section of the primitive groove (or primitive mouth) of a rabbit. (From 

Van Henedt*.) ;»r pi iiiiilivc moiilli, ul lips of s.iiiif (primitive lip»), ah .ind ilc outer ami inner |rcnnuial layers, 
■mk middle )(enuia.il l.iycr, mft p.iriet.il l.iyer, mv viscei.d layer of the ineiiuderin. 


nik ul pr 



»Fig. t,7. Transverse section of the primitive mouth (v^r groove) of a human embryo (at tf»e 

coelomulii statfe). (h'roiTi Coioit Sfve.) f<t prittiilive mouth, «/ lips of s.ime (}>rimitive folds), ak and ik out£r 
and inner germiii.d Ia>ers, mk middle latii, mp pariet,il l,iyer, mv visceral l.iver of the me.soblasts. 


the primitive mouth. Just as the gastnea- 
theory explains the origin and identity of 
the two primary layers, so I lie cuclom- 
theory explains t hose of the four secondary 
layers. The point of origin is always the 
properistoma, tlie border of tlie original 
primitive mouth of the gastrula, at which 
the tw'o prirnary layers pass directly into 
each other. 

Moreover, the ccelomula is important as 
the immediate source of the chordula, the 
«embryonic reproduction of the ancient. 


form of a chordiea-lheory, that the charae<^. 
teristic chordula-larva of the chordonia 
has in reality this great significance—it is 
the typical reproduction (preserved by* 
heredity) of the ancient common stem<» 
form of all the vertebrates and tunicates, 
the long-extinct Choniesa. We will reiwrh 
in the twentieth chapter to these worm-like 
ancestors, which stand out as luminous 
points in the obscure stem-history of the 
invertebrate ancestors of our race. • 
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Chapter XI. 

THE VERTEBRATE CHARACTER OF MAN 


We have now secured a number of firm 
standinj^-places in the labyrinthine course 
of our individual development by our 
study of the important embryonic forms 
which we have called the cyliila, morula, 
blastula, gastrula, cu'lomula, and chord- 
ula. But we have still in front of us the 
difficult task of derivint^ the complicated 
frame of the human body, with all its 
diflcrent parts, orj^ans, members, etc., 
from the simple form of the chordula. 
We have previously considered the origin 
of this four-layerecl embryonic form from 
thetwcvlayered ^astrula. The two primary 

i terminal layers, which form the entire 
)ody of the f^astrula, and the two middle 
layers of the ciidomula th<it develop 
between them, are the four simple cell- 
strata, or epithelia, which .done 140 to the 
formation of the comple.s, body of man 
and the higher animals. It is so difficult 
to understand this construction th.at we 
will first seek a companion who may help 
us out of many difficulties. 

This helpful associate is the science of 
comparative anatomy. Its task is, by 
comparing the fully - developed bodily 
forms in the various groups of animals, 
to learn the gener.d laws of organisation 
according ta W'hich the body is con¬ 
structed ; at the same time, it has to 
determine the .affinities of the various 
groups by critical appreciation of the 
degrees of dilTerence between them. 
Fonnerly, this work was conceived in a 
teleological sen.se, and it was sought to 
find traces of the plan of the Creator in 
the actual purposive organi.sation of ani¬ 
mals. But comparative anatomy has 
gone much deeper since the establishment 
of the theory of descent; its philosophic 
aim pow is to explain the variety of 
organic forms by adaptation, and their 
similarity by heredity. At the same time, 
it Jil^s to recognise in the shades of dif¬ 
ference in form the degree of blood-rela¬ 
tionship, and make an effort to construct 
the ancestral tree of the animal world. In 
this way, comparative anatomy enters 
into the closest relations with comparative 


embryology on the one hand, and with 
the science of classification oh the other. 

Now, when we .isk wh.it position man 
occupies among the other organisms 
according to the l.itest teaching of com- 
■».irative .inalomy and classification, and 
low man's place in the zoological system 
is determined by compari.son of the 
mature bodily forms, we get a very definite 
and significant reply ; and this reply gives 
us extremely important conclu.sions that 
enable us to understand the embryonic 
development and its evolutionary purport. 
Since t'uvier and Baer, since the immense 
progress th.U was effected in the early 
decades of the nineteenth century by these 
two gre.it zoologists, the Opinion has 
generally prevailed tli.it the whole animal 
kingdom may be distributed in a .small 
iiumber of great divisions or types. They 
are called types because a certain typical 
or characteristic structure is constantly 
preserved within etich of lhe.se large 
sections. Since we applied the theory of 
descent to this doctrine of types, w'e have 
learned that this common type is an out¬ 
come of heredity : all the animals of one 
type are blood-relatives, or members of 
one stem, and can be traced to a‘common 
ancestr.'d form. Cuvier and Baer set up 
four of these types : the vertebrates, 
articulates, mollu.scs, and radiates. The 
first three of these arc still retained, 
and may be conceived niitural phylo¬ 
genetic unities, as stems or phyla in the 
sense of the theory of descent. It is quite 
otherwi.se with the fourth type - the 
radiata. These animals, little known as 
yet at the beginning of the nineteenth 
century, were made to form a sort of 
lumber-room, into which were cjist all the 
lower animals that did not belong to the 
other three types. As we obtained a 
closer acquaintance with them in the 
course of the last sixty ye,ars, it was found 
that we must distinguish among them 
from four to eight different types.^ In 
this way the total number of animal 
stems or phyla has been raised to elg^t 
or twelve (cf. Chapter XX.). * 
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Tlu'se Iwc-lvt' sti'iiis of til*.' kin^- 

are, liowever, by 110 means eo-ordi- 
nalc and independent types, but lia\e | 
delinite relations, partly ol su!iordin.itit>n, 
to each other, and a \ery different plijio- ! 
},(enetic meaning. Heme they must not ; 
be arratigi'd simply in a row one after tlie 1 
other, as was generally done until thirty i 
years ago, and is still done in some i 
ni.'inuals. W'e must distribute them in 1 
three subordinate prineipal groups of very j 
diHerent value, and ai range tlie various ! 
Stems phylogenetii ally on the primiples | 
whieh I laid down In m\ Mono^rafih ou j 
Hu' Sponi^t's, ;md devi'loped in tiie Studv | 
of the (/(ts/nra 'J'lifoi'v \Vi' have lirsl lo 

distinguish the imiiellular anini.als (pro¬ 
tozoa) from tlie imiltivellular tissue-form- | 
ing ( nirta joa ). Onl\ the l.ittei exhibit j 
tlie important pi oi esses of segmentation ! 
and gastrulation , and they alone have a j 
primitive gut, and form germinal layers I 

aiul tissues. 

I'he meta/oa, the tissue-.inimals or gut- 
animals, then sub-divide into two main 
Stations, aitouling .is ;i bi>dv-eavitv is 
t>r is not developetl between the primary 
germinal laveis. We m,iy e.-ill these the 
avJcntrna and to’Iotnana ; the former 
are olten .ilso tailed ..oophr/i'K or lO’lrii- 
tfiuita, and the latlei hilati'ials. 'Phis 
division is the more imptntant as the 
fU'lenteiia (without eielom) have no bltitid 
and blood-vessels, noi' .111 anus. The 
t leloni.iri.i (w ith body-eavity) have gene¬ 
rally ;in anus, and blood ;md bitiod-vessels. 
There are lour stems beltmging ti> tlie 
cielenteria : the gasira-ads (“ primitive- 
gut animals ’’), sponges, enidari.i, and 
plaltides. Of the t telomaria w e e.in dis¬ 
tinguish six stems : the verm.ili.i at the 
botttim represent thettnnmon stem-grtmp 
(derived from the iilatodes) tif these, the 
other live typie.il stems ol the etelom.iria 
- the Iniollusfs, eeliinoderms, articulates, 
tunicates, and vertebrates being evolved 
from them. 

Man Is, ii\ his whole structure, a true 
vertebrate, and dev elopes from an impreg¬ 
nated ovum in just the same char.icter- 
istlc way as the other vertebrates. Theie 
can no longer be the slightest doubt about 
this fundamental fact, nor of the f.ict that 
all the vertebrates form a n.itural phylo¬ 
genetic unity, a single stem. The whole 
of the members of this stem, from the 
amphloxus and the cyclostoma to the apes 
and man, have the .same characteristic 
disposition, connection, and developinettt 
of the central organs, and arise in the 


same way from the common embryonic 
form of the chordula. Without going 
into the dilTicult question of the origin of 
this stem, we must emphasLse the fact 
that the vertebrate stem has no direct 
allinity whatever to five of the other ten 
stems ; these live isolated phyla are the 
sponges, cnidaria, mollu.scs, articulates, 
and echinoderms. On the other hand, 
there are important and, to an extent, 

I lose phylogenetic iel;itiv>ns to the other 
live stems the protozoa (through the 
amielve), the gastr.eads (through the 
bl.'istula and gastrula), the platodes and 
vermalia (through the civlomula), and the 
tuniv.ites (thrviugh the chordula). 

How vve are to explain these phylo¬ 
genetic relations in the present slate of 
our knowledge, and what place is assigned 
to the vertebrates in the animal ancestral 
tree, will be considered later (Chapter 
XX.). For the present our ta.sk is to 
ni.'ike plainer the vertebrate character of 
m;m, and especially lo point out the chief 
pei uliarilies of organisation by which the 
vertebrate stem is profoundly separated 
from the other eleven stems oi'the animal 
kingdom. Only after these comparative- 
au.itomic.il considerations shall vve be in 
a position to attack the dillleult t|uestion 
of our embryology. 'I'he development of 
even the simplest and lowest vertebrate 
from the simple chordula (Figs. S3 Sb) is 
so complicated and dinicult lo follow thiit 
it is necess.iry to understand the organic 
fe.itures of the fully-fornu'd vertebrate in 
order lo grasp the course vif its embryonic 
evolution. Hut it is equally' necessary lo 
confine our .'ittention, in this general 
anatomic description of lire vertebrate- 
body, to the essential farts, and pass by 
all the unessenti.il. Hence, in giving 
now an ideal anatomic description of 
the chief features of the vertebrale and its 
Inlei n.il organisation, 1 omit all the sub¬ 
ordinate points, and re.strict myself to the 
most important characteristics. 

Much, of course, will seem to the reader 
j lo be essential that is only of subordinate 
and secondary interest, or even not es.sen- 
tial at all, in the light of comparative 
I anatomy'and embryology. For instance, 
the skull and vertebral column and the 
extremities aie non-essenlialinlhis sense. 
It is true that these parts are very impor¬ 
tant physiologically ; but for the moi^Ko- 
lo^ical conception of the vertebrate they 
are not essential, because they are only 
found in the higher, not the lovx'or, verte¬ 
brates. 'Fhe lowest vertebrates have 
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neither skull nor vcrtebne, and no 
extremities or limbs. Even the human 
embryo passes through a stage in whieh 
it has no skull or vertebne ; the trunk is 
quite simple, and there is yet no trace of 
arms and legs. At this stage of develop¬ 
ment man, like every other higlier verte¬ 
brate, is essentially similar to the simplest 
vertebrate form, whieh we now find in 
only one living specimen. This one 
lowest vertebrate that merits the closest 
study—undoubtedly the most interesting 
of all the vertebrates after man is the 
famous lancelet or .imphii>\us, to which 
we have already often referred. As vve 
are going to studv it more elosi-l\ Liter on 
(Chapters XVI. and XVI 1 .), I will onl\ 
make one or two p.issing observations on 
it here. 

The amphioxus lives buried in the sand 
of the .sea, is ;ibout one or two in» lies in 
length, and has, when fully developetl, the 
sh.ipe of a very simpk', longish, laiici-t- 
like le.af; hence its name of the Luu'el-'t. 
The narrow btid) is eompu-ssed on ht>th 
sides, alnuist equ.div pointed .at the foie 
and hind ends, without .mv ti.ue of 
external append.ages or.utii ulalion of llu- 
body into head, neck, bre.ist, abd unen, 
etc. Its whole sh.ipe is so simple th.it its 
first discoverer thought it vv.is a naked 
snail. It vv’as not until much later h.ilf 
a century .ago that the linv nxature w.as 
studied more carefullv, .uid vv.is found to 
be a true vertebrate. More ii-ceiit inves¬ 
tigations have shown th.it it is of the 
greatest importance in connection with 
the comparative .inatomv and ontogenv 
of the vei tebr.ites, and therefore with 
human phylogeny. 'Fhe amphioxus 
reveals the great .secret of the origin ol 
the vertebrates from the inv ertebr.ate 
V'ermalia, and in its development .and 
structure connects directly with certain 
lower tunicates, the ascidia. 

When w’e make a number of sections 
of the body of the amphioxus, firstiv 
vertical longitudinal sections through the 
whole body from end to end, and secondly 
transverse sections from right to left, we 
get anatomic pictures of the utmost in¬ 
structiveness (cf. Figs. 9S 102). In the 
main they correspond to the ideal vvJiich 
we form, with the aid ot comparative 
anatomy and ontogeny, of the primitive 
type or build of the vertebrate the long 
extinct, form to which the whole stem 
owes its origin. .\s vve take the phylo¬ 
genetic unity of the vertebr.ate stem to be 
^yund dispute, and assume a common 
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origin from ;i primitive stem-form for all 
the Vertebr.ites, hotn amphioxus to mtip, 
we are justified in forming a definite 
morphological ide.i Ol thi> primitive verle- 
br.ite for I iv/cfmca We 
I need onlv imagine a few slight and 
I uiussenti.il ch.inges in the ri-.il sei'tii'ns 
'I the amphioMis in order to h.ive this 
ide.i I .m.ilomii liguiv 01 di.igr.im of the 
primitive vertebr.ite foi 111, .is vve .see in 
I'igs ()S 10.’. 'Pile .imphioxus depails 
so lillle from this primitive form that we 
m.iv, ill .1 (erl.iiii si.'ii-.i‘, iK-sciibe it .is .1 
modified “primitive vei lefitalo.”' 

The outv'r fitim of our hvpothelic.il 
pi imit iv e V ei lehr.ile was ;il .ill ev ents v ei v 
! simple, and pioh.ihlv nioie or li'ss similai 
to (hat of (he l.uici-let Plie bil.itei.il or 
I hil.iter.il-svmiiielrii .il hod\ is sireti lied out 
] leiigthvv.'.vs .uid compressed .it the sidc^K 
I (Pigs. i(.S 100), oval ill sei tioii (h'lg.s. 101, 
loj). Pliere .III' no exteinal .11 liculatioii 
.md no extern.il .ippeiul.iges, in the sh.ipe 
o( limbs, legs, 01 tins. I’tn (he oilier 
h.uul, till' division ol (lie bodv into two 
sei lions, he.id .md trunk, vv.is piob.ibly 
cle.iiei in /V(w/>n//</| 7 //s lh:ui it is in its 
little-c h.uiged aiiiesioi, the .unpliioxu.s. 
In both .miin.ils the fore or head-half of 
(he bodv lont.litis dilleieiil oig.uis from 
(he 11 link, and ditfeieiit on the dorsal 
from on the veiili.il side. .\s this inipor- 
laiK div islon is found ev e'l in the si-a-sipiiit, 
the reni.ii k.ibk- inveiU brate sti iii-ri l.ilive 
ol tin- V erlebi ,ites, vve 111. iv .issimie th.il it 
was alsi> lound in tlu‘ proi'hoidoiiia, the 
common aiuestors of both stc-iiis. It is 
.ilsovei'v proiioinued in the young larv.'u 
ol the cvciosloma ; this fact is parti» ul.irly 
interestiiig,.IS this palingenetii larv.i-form 
is in other respects also .111 important con- 
iiei ting-link between the higher verte- 
bi.'iles and (he acr.inia. 

Pile he.'id of the .iciania, or the anterior 
half of the body (both of the re.if .'im¬ 
phioxus and the ide.il prospondv lus), 
cont.'iins the br.inchi.il (gill) gut and heart 
in the ventral section and the biain and 
sense-organs in the dorsal section. The 
trunk, or posterior h.'df of the bodv, con¬ 
tains ihe hepatic (liver) g^ul and sexual- 

> T!k* ideal fij.j’ure of llu* \erte 1 >r.ite ^;IV( n in Fi^H. 
is a livpothetual sriu^ine or diagram, thal Iuik 
bivn rhierty eoiisiPiiett d on tht lint's of the ani|>hjt)xijs, 
but With a eertiiin attention lollie Lt>mparalivc anaU>rny 
and ontogenv of the cnstidia anti appi'iidit tilaria tin the 
tint* lianJ. and ot the t > t lostoina «inti sil.aliii on the 
ttthei. '1 his di.i^rain li.is no [>rt*tfnsu>ti ivhfiti vt'r to 
hi* fin pit tun.' hilt rinitlv an altiMiipl to rccort* 

slnu t h>]Kilht tital]> Ihi. unknown and lon^ extinct 
vertebrate btcm-iurni. an ideal ** arehel>[x:." ^ 




Flos. 98-ioa,—The Ideal primitive vertebrate 
(prospondylus). , Diagram. , Kii^. 98 side-view 
(from the left). Fig. 99 back-view. Fig. 100 front- 
view. Fig. lot transverse section through the head 
(to the Irft through tlic ^ill-pouches, to the right Fk 3 . 10a. 

Uirough the gill-clefts). Fig. loa transverse section 
of the trunk (to the right a pro-renal ^nal is affected). 

Ity). d small intestine 
. i muscular caVitjr 

, - ^ .-,. — p--. „-„-- — ^-- . ---stomach, tnd nuN^tli, 

HM muadea, M ne—(smen pit), m renal canals, « apertures of same, o outer skin, / gullet, r spinal manOWt 
f SMu^ 4^"*^ ((rona(k), _< ooriun, w kidney-openings (pcxres of the lateral furrow), « viscer^ vein (chief veia^ 

ary ap p e nd a g e), s gullet-groove o» gill-groove “ ' 
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glands in the venfral part, and the spinal 
marrow and most of the muscles in the 
dorsal part. 

In the longitudinal section of the ideal 
vertebrate (Fig. 98) we have in the 
middle of the body a thin and flexible, 
but stiflF, cylindrical rod, pointed ;it both 
ends It goes the whole length 

through the middle of the body, .-md 
forms, as the central skeletal axis, the 
original structure of the Later vertebral 
column. This is the axial rod, or chorda 
dorsalis y also called chorda vertebral is, 
vertebral cord, axial cord, dorsal ix>rd, 
notochorda, or, briefly, chorda. This solid, 
but flexible and elastic, axial rod consists 
of a cartilaginous mass of cells, and forms 
the inner axial skeleton or central frame 
of the body ; it is only found in vertebrati-s 
and tunicates, not in any other animals. 
As the first .structure th'the spinal column 
it has the same radical significance in all 
vertebrates, from the amphit)xus to man. 
But it is only in the amphioxus and the 
cyclostoma that the axial rod retains its 
simplest form throughout life. In man 
and all the higher verti-brates it is found 
only in the earlier embryonic period, and 
is afterwards replaced by the articulated 
vertebral column. 

The axial rod or chorda is the real solid 
chief axis of the vertebrate body, and at 
the same time corresptaids to the idi'al 
long-axis, and serves to direct us with 
some confidence in the orientation of the 
principal organs. We therefore take the 
vertebrate-body in its original, natural 
di.sposition, in which the long-axis lies 
horizontally, the dorsal side upw.uil and 
the ventral side downward (Fig. 98). 
When we make a vertical section tlirough 
the whole length of this long axi.s, the 
body divides into two equal and sym¬ 
metrical halves, right and left. In each 
half we have originally the same organs 
in the same disposition and connection ; 
only their disposal in relation to the 
vertical plane of .section, or median plane, 
is exactly reversed : the left half is the 
reflection of the right. We call the two 
halves antimera (opposed-parts). In the 
vertical plane of section that divides the 
two halves the sagittal (“arrow ”) axis, 
or “ dorsovenlral axis,” goes from the 
back to the belly, corresponding to the 
sagittal seam of the skull. But when we 
make a horizontal longitudinal section 
through the chorda, the whole body 
divides into a dorsal and a ventral half. 
The line of section that passes through 
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the body from right to left is the trans- 
ver.se, frontal, or lateral axis. 

The two halves of the vertebrate body 
that are separated by this horizontal 
transverse axis and by the chorda have 
quite different characters. The dor.sal 
half is mainly the .inimal part of the 
bod\, and contains the greater p;irt of 
what are called the animal organs, the 
nervous system, muscular system, osseous 
.system, etc. the instruments of move¬ 
ment and sensation. The ventral half i.s 
essentially the vegetati\e half of the body, 
and cont.iins the greater part of the 
vertebrate’s vegt tal organs, the \isceral 
and v.isoular systems, sexu:il system, etc. 

the in.struinents of nutrition and repro¬ 
duction. Hence in the construction of 
the dorsal half it is chiefly the outer, and 
In the construction of the ventral half 
chiefly the inner, germin.d layer that is 
eng.iged. Fach of the two halves 
developes in the shape of a lube, and 
encloses ;i ca' ity in which another tubt^ is 
found. The dorsal half contains the 
narrow spinal-column tavityor vertebr.al 
canal above the chorda, in which lies the 
tube-shaped central nervous system, the 
medullary tube'. The ventral half contains 
the much more spacious visceral c.-ivity or 
body-cavity underneath the chorda, in 
which we find the alimentary canal and 
all its append.iges. 

The medullary tube, as the centra^ 
nervous system or psychic organ of the 
vertebrate is called in its first stage, 
consists, in man and all the higher 
vertebrates, of two different parts : the 
large brain, contained in the skull, and 
the long spinal cord which .stretche.s from 
there ewer the whole dorsal part of the 
trunk. Even in the primitive vertebrate 
this composition is plainly indicated. 
The fore half of the body, which corre¬ 
sponds to the head, encloses a knoli- 
siiaped vesicle, the brain (gh); this is 
prolonged backwards into the thin 
cylindrical tube of the spinal marrow r). 
Hence we find here this very important 
psychic organ, which accomplishes sensa¬ 
tion, will, and thought, in the vertebrates, 
in its simplest form. The thick wall of 
the nerve-tube, which runs through the 
long axis of the body immediately over 
the axial rod, encloses a narrow central 
canal filled with fluid (Figs. 98-102 r^. 
We still find the medullary tube in this 
very simple form for a time in the embryo 
of all the vertebrates, and it retains this 
form in the amphioxus throughout life ; 
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only in llie lallcr the c^lindriral 

iiK'clullary tube barely iniruatc^ the sepa¬ 
ration of brain ajicl spinal eord. The 
lanc'elel’s niedull.iry tube runs nearly the 
whole lenj^lh of (he ln)dy, above the 
chorda, in (he shape t)f a lonfj^ thin tube 
alnn)st eijual diameter throuj^’hout, and 
there is only a slitjht swelliiii^ of it ri^ht 
at the iVimt (o represi-nt therudimi'iit oi a 
cerebral lobe. It is proirdile that this 
pecidiari(\ of the aniphioxus is lamnected 
with the partial atrophy of its head, as 
the ascidian l;u\’.e on I lie one hand and 


trunk and effect its movements. Although 
thesi- are very elaborately differentiated 
and connected in the developed vertebrate 
(corresponding to the various parts of the 
btiny skeleton), in our iderd primitive 
vertebrate we can distinguish only two 
pairs of these principal muscles, which 
rim tile whole length of the body parallel 
to the chorda. These are the upper 
(dors.d) and lower (ventral) lateral muscles 
of the trunk. The upper (dor.sal) mu.scles, 
or theori}.;inaI dorsal muscles(Fig. \ozms), 
form the thick mass of tlesh on the back. 


the young cvclostom.i on the other ile.irly 
show a di\Ision of the vesicular brain, or 
head marrow, from the thinner, tubular 
spinal marrow. 

I’robabU we must Ir.u'e to the same 
phylogenetic cause the defectixe n.ilure of 
the sensi' organs of tlie amphioMis, whicli 
we will describi' lali-r (th.ipter XV’I.). 
Frospondx Ills, on the other hand, piobahly 
had three p.iiIs of sense-oigans, lhoug;h 
of a simpli' ch.i|■.■|c1l■r, a pair of, or a 
singli* oll.iclor\ depr(,'ssii>n, light in front 
(I'igs. qS, ()(), iin), .1 pair of exes (on) 
in the l.iter.il w.dls of the hr.tin, and a 
pair of simple anscultorx xesicles ) 
behind. There xxas alsvy peihaps, a 
single paiiel.d or “ pineal ” eye at the top 
of the skull ( (■/>//>//r.x/.s, o ). 

In the xerliial median plane (or middle 
pi.me, dixiding the bil.iter.d body into 
light and left halxes) we haxe in the ! 
acr.inia, imdirneath the chord.i, the 
mesenterx and xiscer.d tube, and aboxe it 
the medullar) tube ; and aboxe (he Litter 
a membranous pailition of the (wo halves 
of the bod). With this partition is con¬ 
nected the mass of coniiectixe tissue 
which acts .as a she.ith both foi the 
medullaiv tube and the underbing 
chorda, and is, theiefore, ».alled the 
chord-she.ilh (pemhanio ) ; it originates 
from the doisal .md medi.m part of the 
civlom-pouches, which xve sh.dl c.dl the 
skeleton plate or “ sclerotom ” in (he 
enmiote embrxo. In (he Litter (he chief 


'The lower (ventral) muscles, or the origi¬ 
nal muscles of the belly, form the fleshy 
wall of the abdomen. Both sets are seg¬ 
mented, and consist of a double row of 
muscular plates (Figs. i)H, qg ms) ; the 
number of these myotomes determines 
the number of joints in the trunk, or 
metamera. 'Fhe myotomes are ;iIso de- 
\ eloped from the (hiik wall of the 
cu lom-pouches (h'ig. loj /). 

t^iitside this musculai lube we have 
the external enxelope of the xerlebrale 
bod), which is known as the corium or 
cutis. This stiong and thick envelope 
consists, in its deeper str.ita, I'hielly of 
fat .ind loose conncitixe tissue, and in 
its upper laxers of cutaneous muscles and 
tirmei connective tissiu*. It covers the 
1 whole surface of the tleshy body, and is 
! of consider.'ible thickness in .ill the 
i raniot.i. But in the acrania the corium 
is merely a thin plate of connective tissue, 
an insignilic.ml “ c oriimi-plate ” (lamella 
toni. Figs. i).S loj t). 

Immediately aboxe the cixrium is the 
outer skin (epnlermis, o), the general 
; coxering of the whole outer surface. In 
I the higher xertebrates the hairs, n.ails, 
feathers, cl.ixvs, scales, etc., grow out of 
I this epidermis. It consists, xvllh all its 
i append.iges .and products, of simple cells, 
and has no blood-x essels. Its cells are 
' coniu'cted with the terminations of the 
i sensory nerves. Originallx, the outer 
I skin is .a pc'rfeclly simple coxering of the 


part of (he skeleton the xerlebral t'olumn 
and skull dexelopes from this chord- 
sheath ; in the acranl.a it retains its simple 
form as a soft I'omuvtive matter, from 
which are formed the membranous parti¬ 
tions Ivtwc'en the xairicxus musiuLir plates 


outer surface of the body, composed only 
[ of homogeneous cells - a permanent horn- 
plate. in this simplest form, as :i one- 
layered epithelium, xve find it, at first, in 
all the xertebrates, and throughout life in 
I the acrania. It afterwards groxx’s thicker 


or myotomes (Figs. qS, qq ms). j in the higher xertebrates, ^ind divides 

To the right and left of the cord-sheath, I into txx’o .strata- an outer, firmer corneous 
at each side of the meduILiry tube and (horn) layer and an inner, softer mucus- 
the underlx'ing axi.d rod, x^e find in all layer ; aLso a number of external and 
the x'ertebrates the large masses of muscle internal appendages grow out of it: out- 
Uiat constitute the musculature of the wardly, the hairs, nails, cljixx's, etc., and 
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inwardly, 'the sweat-glands, fat-glands, 
etc. 

It is probable that in our primitive 
vertebrate the skin w.as raised in the 
middle line of the body in the sliape of a 
vertical fin border (f). A similar fringe, 
going round the greater part of the bod\, 
is found to-day in the amphioxus and tlie 
cyclostoma ; we also find one in the tail 
of fish-larva' and tadpoles. 

Now that we have considered the 
external parts of the \ ertehrate and the 
animal organs, which mainly lie in the 
dorsal half, above the chorda, we turn to 
the vegetal organs, which lie for the most 
part in the ventral half, below tlie axial 
rod. Here we find a large bodv-cavity 
or visceral cavity in all thecraniola. The , 
spacious cavity that encloses tlie g-reater 
part of the viscera corresponds to onh- a 
part of the original civlom.i, which we 
considered in the tenth chapter ; hence it 
may be called the wc/ara /ow,?. \s;i rule, 
it is still briefly called the cieli'ina ; fot- 
merlj it was known in an.itomv ;is tlie 
pleuroperitoneal cavity. In in,in .ind the 
other mammals (but onl\ in ihesi) this , 
ccx'loma divides, when full\ de\'iloped, 
into tw'O different c.ivities, which .ire 
sep.'irati'd b\ a traiisversv- p.irlition the 
muscular diaphragm, 'rin.- fon.- or pi i- 
toral ca\'il\ (pleur.i-ca\ it\) cont.iins llu- ' 
(vsophagus (gullet), he.irt, .uid lungs ; 
the hind orperilone.il or abdominal c,i\ity 
contains the slom.uh, sm.ill .nid large 
intestines, li\er, paiK reas, kiJiu'Vs, elc. ' 
But in the verti'br.ite embr\o, lx foi i' llu' | 
diaphragm is developed, the two lavilies \ 
form ii single continuous bod\-ca\it\, and j 
we find it thus in .ill the lower veitebr.ites , 
throughout file. 'I'his bodv-c.ivitv is ' 
clothed with a deliiale l.iver of cells, the i 
cct'lom-epithelium. In the ,'icrani.i the , 
cci'lom is segmented both dors.ills and , 
ventrally, :is their musi ular pom lu-s and , 
primitive genital org.ins plainlv show ; 
(Fig". 102). j 

The chief of the viscera in the body- 1 
caVitv is the aliment.iry c.inal, the organ ! 
that represents the W'liole bod\ in the 1 
gastrula. In all the vertebrates it is a , 
long tube, enclosed in the body-i avity and i 
more or less differentiated in length, and 
has tw'o apertures—a mouth for taking in | 
food (Figs. gS, 100 Hid) and an anus for ' 
the ejection of unus.ible matter or excre- ; 
manis (af ). With the alimentary canal j 
a number of glands are connected w'hich j 
are of great importanct for the vertebrate j 
body, and which all grow out of the i 


canal. Glands of this kind arc the 
salivary glands, the lungs, the liver, and 
many smaller glands. Nearly all these 
glands are wanting in the acranla ; 
probably there W'ere merely a couple of 
simple hepatic tubiis (Figs. qH, ioo/) in 
the vertebr.'ite stem-form. The wall of 
the aliment,iry canal and all its appen¬ 
dages consists of I wo different layers ; the 
inner, cellul.ir clothing is the gut-gland- 
1 ,i\er, and the outer, fibrous enwlopc 
consists of the gut-libre-layer ; it i.s 
mainly composed of muscular fibres 
which accomplish the digi'stive move- 
menls of the canal, and of connective- 
tissue fibres that form a firm env'e/ope. 
j \Vc have a coiiliinuilion of il in the 
mesentery, a thin, b,'mdage-/ikc layer, by 
means of which the alimenl.irv canal i.s 
fastened tii the venir.d side of the chorda, 
origin,iIIy the dorsal partition of the two 
cu'lom-poLiches. The alimentary canal is 
v',nious|\ modified in the vertebrates both 
.IS a whole .-.i'd in its sevei.il sections, 
though the oiigin.il aructuie is always 
the s.ime, .md isveiv simple. .\s ;i rule, 
it is longfi (iifun sever.il limes longer) 
than the hod\,and llierefoie folded .'ind 
w inding within the body-c.'ivitv, especially 
.it the lowerI'nd. In m.m and the higher 
vertehi.ites it is divitled into sever.il 
si'i lioiis, often SI p.iiMted by v.dves the 
month, phar\n\, osoph.igus, stomach, 
small and large intest me, and tei I um. .All 
these parts ilevelop from a very simple 
structure, which oiiginally (throughout 
file in till' am|vhioxns) I nils from end to 
end under the chord.1 in the sh.ipe of a 
sir.iight cvlindtic.d canal. 

.\s the alimenlarv canal may be 
reg,tided morphologicall) as the oldest 
■ md most import,ml organ in the body, it 
is inti'i'esting to understand its esseiili.'il 
features in the verlebr,ile more fully, 
and distinguish them fiom unessential 
fe.'itmes. In this Connislion we must 
p.irlii ul.irly note lh.it the alimentary 
I an.il of I'verv vertebr.ite shows a very 
characteristic division into two settions - 
a fore and .1 hind chamber, 'I'lie fore 
ch.imber is the head-gut or branchial gut 
(Figs. qS icxj /i, jt), .md is chiefly 
occupied with respiration. The hind 
section is the trunk-gut or hepatic: gut, 
which accomplishes digestion (nia^ d). 

In all veitebrates there are formed, at an 
early stage, to the right and left in the 
fore-part of the head-gut, certain special 
clefts that have an intimate connection 
with the original respiratory apparatus of 
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thtf rertebrate—the branchial (gill) clefts 
(ks). All the lower vertebrates, the 
lahcelets, lampreys, and fishes, are con¬ 
stantly taking in water at the mouth, 
and letting it out again by the lateral 
clefts of the gullet. This water serves for 
breathing. The oxygen contained in it 
is inspired by the blood-canals, which 
spread out on the parts between the gill- 
c efts, the gill-arches (kji^). These very 
characteristic branchial clefts and arches 
arc found in the embryo of man and all 
the higher vertebrates at an early stage 
of development, just as we find them 
throughout life in the lower vertebrates. 
However, these clefts and arches never 
act as respiratory organs in the mammals, 
birds, and reptiles, but gradually develop 
into quite dilTercnt parts. Still, the fact 
that they are found at first in the same 
form as in the fishes is one of the most 
interesting proofs of the deticenl of these 
three higher classes from the fishes. 

Not less interestihg and important is an 
organ that dcvelopes from the ventral 
tt^all in all vertebrates— the gill-groove or 
hypobranchial groove. Ih the acrania 
and the ascldim it consists throughout life 
of a glandblar ciliated gri»ove, which runs 
down from the mouth in the ventral 
middle line of the gill-gut, and takes 
small particles of food to the stomach 
(Fig. loi rr). But in tile craniota the 
tnyroid gland (thyrcouica) is developed 
from it, the gland that lies in front t)f the 
larynx, and which, when pathologically 
enlarged, forms goitre '(strvma). 

From the head-gut we get not only the 
gills, the organs hf water-breathing in 
the lower vertebrates, but also the lungs, 
the organs of titmospheric breathing in 
the five higher classes. In these cases a 
vesicular fold appears in the gullet of the 
embryo at an early stage, aild gradually 
takes the shape of two spacious sacs, 
which are afterwards filled with air. 
These sacs are the two air-bre;ithing 
lungs, which take the place of the water- 
breathing gills.. But the vesicular invagi¬ 
nation, from which the lungs arise, is 
merely the familiar air - filled vesicle, 
which we call the floating-bladder of the 
fish, and which alters its specific weight, 
acting as hydrostatic organ or floating 
apparatus. This structure is not found 
ini the lowest vertebrate classes — the 
acrania and cyclostoma. We shall see 
more of it in Vol. 11 . 

The second chief section of the verte¬ 
brate-gut, the trunk "or liver-gut, which 


accomplishes digestion, is very simple 
construction in the acrania. It consists 
of two different chambers. T)ie first 
chamber, immediately behind the gill- 
gut, is the expanded stomach f ma) ; the 
second, narrower and longer chamber, is 
the straight small intestine fdj: it issues 
behind on the ventral side by the anus 
f af). Near tli6 limit of the two chambers 
in the visceral cavity we find the liver, irt 
the shape of a simple tube or blind 
sac ( 1 ) ; in the amphioxus it is single ; 
in the prospondylus it was probably 
double (Figs. 98, joo/). 

Closely related morphologically and 
physiologically to the alimentary canahis 
the vascular system of the vertebrate, 
the chief sections of which develop from 
the fibrous gut-layer. It consists of two 
different but directly connected parts, the 
system of blood-vessels and that of lymph- 
vessels. In the passages of the ohe we 
find red blood, and in the other colourless 
lymph. To the lymphatic system belong, 
first of all, the lymphatic canals proper 
or absorbent veins, which are distributed 
among all the organs, and absorb the 
used-up juices from the tissues, and 
conduct them into the venous blood ; but 
besides these there arc the chyle-ves.sels, 
which absorb the while chyle, the milky 
fluid prepared by the alimentary canal 
from the food, and conduct this also to 
the blood. 

The blood-vessel system of the verte¬ 
brate has a very elaborate construction, 
but seems to have had a very simple 
form in the primitive vertebrate, as \Ve 
find it to-day permanently in thfe annelids 
(for instance, earth-worms) and the 
amphioxus. We accordingly distinguish 
first of all .as essential, original parts of 
it two large single blood-canals, which 
lie in the fibrous wall of the gut, .and run 
along the alimentary canal in the median 
plane of the body, one .above and the 
other undernc.ath the canal. These prin¬ 
cipal canals give out numerous branches 
to all p.arts of the body, and pass into 
each other by arches before and behind ; 
we will call them the primitive artery and 
the primitive vein. The first corresponds 
to the dorsal vessel, the second to the 
ventral vessel, of the worms. The primi¬ 
tive or principal artery, usually called the 
aorta (Fig- 98 a), lies above the gut in 
the middle line of its dorsal side, and 
conducts oxidised or arterial blood from 
the gills to the body. The primitive or 
principal vein (Fig. 100 v) lies below the^ 
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gut, in the middle line of its veatral side, 
and is therefore also called the vena sub- 
intestif^lis : it conducts carbonised or 
venous blood back from the body to the 
gills. At the branchial section of the 
gut in front the two canals are connected 
by a number of branches, which rise in 
arches between the gill-clefts. These 
“branchial vascular arches” run 

along the gill-arches, and have a direct 
share in the work of respiration. The 
anterior continuation of the principal vein 
which runs on the ventral wall of the gill- 
gut, and gives oflF these vascular arches 
upwards, is the bninchial artery (ka). 
At the border of the two sections of the 
ventral vessel it enlarges into a contractile 
^indlc-shaped tube (Figs. q8, loo h). 
This is the first outline of the heart, 
which afterwards becomes a four-cham¬ 
bered pump in the higher vertebrates and 
mad'; There is no heart in the amphi- 
oxus, probably owing to degeneration. 
In prospondylus the ventral gill-heart 
probably had the simple form in which 
we still find it in the ascidia and the 
embryos of the crariit)ta (b'igs. 98, 100//). 

The kidneys, whicli act as org;>ns of 
excretion or urinary organs in Jill verte¬ 
brates, h;ive a very difiereiit ;ind elaborate 
construction in the various sections of tliis 
stem ; we will consider them further in 
the twenty-ninth chapter. Here 1 need 
only mention that in our hypothetical 
primitive vertebrate they probably had 
the same form as in the ;ictu:il amphio.Mis 
—the primitive kidneys (protonejihra). 
These are originally made up of a double 
row of little canals, which directly convey 
the used-up juices or the urine out of the 
body-cavity (Fig. 162 n). The inner aper¬ 
ture of these pronephridial canals opens 
with a ciliated funnel into the body-cavity ; 
the external aperture opens in lateral 
grooves of the epidermis, a couple of 
longitudinal grooves in the lateral surface 
of the outer skin (Fig. 102 b). The pro¬ 
nephridial duct is formed by the clo.sing of 
this groove to the right and left at the 
sides. In all the craniota it developes at 
an early stage in the horny plate ; in the 
amphioxus it seems to, be converted into 
a wide cavity, the atriuih, or peri branchial 
space/ 

Next to the kidneys we have the sexual 
organs of the vertebrate. In most of the 
members of this stem the two are united 
in a single urogenital system ; it is only 
in a few groups that the urinary and 
sexual organs are separated (in the 


amphioxus, the cyclostoma, and <ft)me, 
sections of the fish-class). In man and 
all the higher vertebrates the sexual 
apparatus is made up of \arious parts, 
which we will consider in the twenty-ninth 
chapter. But in the two lowst classes 
of our stem, ihc acrania and cyclostoma, 
the}' consist merely of simple sexual 
glands or gonads, the o\’aries of the 
female sex and the testicles (spermaria) 
of the male ; the former provide the ova, 
the latter the sperm. In the craniota we 
always find only one pair of gonads ; in 
tile amphioxus several pairs, arranged 
In succession. Tliey must have had the 
same form in our liypothetical prospon- 
dylus (Figs. 98,100 j). The.se segmental 
pairs of gtinads are the original ventral 
halves of the cmlom-pouchcs. 

The organs which we have now enu¬ 
merated in this general survey, and of 
which we have noted the characteristic 
disposition, are those parts of the organism 
that are found in all vertebrates without 
exception in the same relation to each 
other, lK)wever much they may be modi- 
fi'jd. We have chiclly had in view the 
tr.an.sverse section of the body (Figs. 101, 
102), because in this we .see most clearly 
the distinctive arrangement of them. But 
to complete our picture we must al.so 
consider the segmentation or metamera- 
formation of them, which has yet been 
hardly noticed, and which is seen best in 
the longitudinal section. In man,and all 
the more advanced vertebnates the body is 
made up of a series or chain of similar 
members, which succeed each other in 
the long axis of the body the se.gments 
or metamera of the organism. In man 
these homogeneous parts number thirty- 
three in the trunk, but they run to several 
hundred in many of the vertebrates (such 
as serpents or cels). As this internal 
articulation or metamerism is mainly 
found in the vertebral column and the 
surrounding muscles, tlie sections or 
metamera were formerly called pro-verte¬ 
brae. As a fact, the articulation is by no 
means chiefly determii^ed and caused by 
the skeleton, but by the muscular system 
and the segmental arrangement of the 
kidneys and gonads. However, the 
composition from these pro-vertebrae or 
internal metamera is usually, and rightly, 
put forward as a prominent character of 
the vertebrate, and the manifold division 
or differentiation of them is of great im¬ 
portance in the various groups of the 
vertebrates. But as far as our present 
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task —the derivation of the simple body of 
the primitive vertebrate from the chordula 
—is concerned, the articulate parts or 
metamera arc of secondary interest, and 
we need not into them just now. 

The characteristic composition of the 
vertebrate body developes from tlie em¬ 
bryonic structure in the same way in man 


that this answer is ju.st as certain and 
precise in the case of the origin of man 
from the mammals. This advanced 
vertebrate class is also monophylctic, or 
has evolved from one common stem- 
group of lower vertebrates (reptiles, and, 
earlier still, amphibia). This follows 
from the fact that the mammals arc 
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as in all the other vertebrates. As all 
competent experts now admit the moniv 
phyletic origin of the vertebrates on the 
strength of this significant agreement, 
and this “common descent of all the 
vertebrates from one original stem-form ” 
is admitted as an historical fact, we have 
found the answer to “the question of 
questions ” W^e may, moreover, point out 


clearly distinguished from the other 
classes of the stem, not merely in one 
striking particular, but in a whole group 
of distinctive ch.'iracters. 

It is only in the mammals that we find 
the skin covered with hair, the breast- 
cavity separated from the abdominal 
cavity by a complete diaphragm, and the 
larynx provided with an epiglottis. The 
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mammals alone have three small aiiscul- 
tory bones in the tympanic cavity- a 
feature that is connected with the charac¬ 
teristic modification of their maxillary 
joint. Their red blood-cells have no 
nucleus, whereas this is retained in all 
other vertebrates. Finally, it is only in 
the mammals that we find tlie ronarkahle 
function of the breast strucljare which has 
jfiven its name to the whole class the 
feedinj^of the^oung by the mother’s milk. 
The mammary glands which serve this 
purpose are interesting in so many wajs 
that we n>a\ devote a few lines to them 
here. 

As is well known, the lower mammals, 
especially those which bej4;et a number of 
youn^''at a time, have se\eral mammary 
f^Iands at (he breast. Iledf^chojjfs and 
sows have five paiis, mice four c>r live 
pairs, dojjfs and squirrels four pairs, cats 
and bears three pairs, most of the 
ruminants and man) of the rodents two 
pairs, each provided with a teat or nipple 
(maslos). In the various t^enera of the 
half-apes (lemurs) the number v.iries a 
^food deal. C^n the other hand, the hats 
and .apes, which only hei^et one youn^ at 
a time as a rule, have only one pair of 
mammary j^'l.inds, and these are found at 
the breast, as in man. 

These variations in the number or 
structure of the mammary apparatus 
f mamniaHuui) havebecomed oubly inter¬ 
esting in the li^ht of recent rese.arch in 
comparative ,inatv)m\. It has been shown 
that in man and the apes we t)flen find 
redundant mammary inlands (hyper- 
imistism) and correspv)ndin^ teats (hvpcr- 
thclism) in both sexes. Fij^. T03 shi>vvs 
four cases of this kind- A, li, .and f of ' 
three women, and D of a man. They 
prove that all the above-mentioned 
numbers m.ay he found occ.asionally in 
man. Fi^. 103 A shows the breast of a 
Berlin woman who had had children 
seventeen times, and wdio has a pair of 
■small .accessory bre.asts (with two nipples | 
on the left one), above the two normal j 
breasts; this is a cotnmon occurrence, 
and the small soft p.ad abov'e the breast is 
not infrequently represented in .ancient 
sbatues of Venus. In Fig. 103 we h.ave 
the same phenomenon in .a Jap.anese girl 
of nineteen, who ha.s tw'o nipples on e.ach | 
bre.ast besides (three pairs rdtogether). | 
Fig. 103 /) is a man of twenty-two wath ! 
four pairs of nipples (.as in the dog), a 
small pair above and tw'o sm.all p.airs 
beneath the large norm.al teats. The ' 


m.iximum number of five p.iirs (as in the 
sow and hedgehog) vfas found in a Polish 
servant of twenty-two who had had 
several children ; milk was given by each 
nipple ; there were three pairs of 
redundant nipples above and one pair 
underneath the normal .and very large 
breasts (Fig. 103 /f). 

A number of recent inv'estigations 
(especially among recruits) have shown 
that these things are not unemnnum in 
the male as well .as the female sex. They 
can only be expl.lined by evolution, 
which attributes them to atavism .and 
l.atent heredity. 'I'he earlier ancestors of 
.all the primates (including man) w’ere 
lower placent.als, which had, like the 
hedgehog (one of the oldest forms of 
the living pl.aceiit.ils), sever.al mammary 
glands (five or more p.airs) in the 
.abdomin.al skin. In the apes and man 
only a couple of them are normally 
developed, but from time to time we get a 
dev'elopment of the .atrophied structures, 
Speci.al notice should be taken of tiie 
arrangement of these accessory mamm.'e; 
the) form, as is cle.arly seen in Fig. 103 
B and />, two long rows, which diverge 
forward (towairds the arm - pit), and 
converge behind in the middle lino 

(towards the loins). The milk-gl.ands 

of the polymastic lower pl.acentals arc 
arranged in similar lines. 

The ph)logenetic explanation of poly- 
maslism, as given in comparative 

anatomy, has lately found considerable 
support in ontogeny. Ilans Strahl, K. 
.Schmitt, .and others, have found that 

there are .ilways in the human embryo at 
the sixth w’eck (when it is three-fifths of 
an inch long) the microscopic traces of 
five p.airs of mammary glands, and that 
they are .arr.anged .at regular distances in 
tw'o lateral .and divergent lines, which 
correspond to (he mammary lines. Only 
one pair of them—the central pair- are 
normally developed, the others atro¬ 
phying. Hence there is for a time in the 
human embryo a norm.al hyperthelism, 
and this can only be explained by the 
descent of man from low^r primates 
(lemurs) w’ith several pairs. 

But the milk-gland of the mammal 
has ,a great morphological interest from 
another point of view. This organ for 
feeding the young in man and the higher 
mammals is, as is known, found in both 
sexes. However, it is usually active only 
in the female sex, and yields the valuable 
“mother’s milk”; in the male sex it is 
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small and inactive, a real rudimentary 
organ of no physiological interest. Never¬ 
theless, in certiiin cases we find the breast 
as fully developed in man as in woman, 
and it may give milk for feeding the 
young. 

We have a striking instance of this 
gynecomastism (large milk-giving breasts 
in a male) in Fig. 104. 1 owe the photo¬ 

graph (taken from life) (o the kindness of 
Dr. Ornslein, of Athens, a German physi¬ 
cian, who has rendered service by a 
number of antliropologiial observations 
(for instance, in several cases of tailed 


my stay in Ceylon (at Belligemm^) ' 
1881. A young Cinghalese in hist tvtreri|^' 
fiftlv year wa.s brought to me as a curious 
hermaphrodite, half-man and half-woman. 
His large breasts gave plenty of milk; he 
was employed as “male nurse” to suclele, 
a new-born infant whose mother had died 
at birth. The outline of his bod^ was 
softer and mbre feminine than m the 
Greek shown in Fig, 104. As fhe Cingha- 
j lese are small of stature and of graceful ■ 

1 build, and as the men often resemble the 
women in clothing (upper part of the 
body naked, female dress on the lower 



Fio. 104.— A Greek gynecomast. 


men). The gynecomast in question is a 
Greek recruit in his twentieth year, who 
has both normally developed male organs 
and very pronounced female breasts. It 
is noteworthy that the other features of 
his structure are in accord with the softer 
forms of the female sex. It reminds us 
of the marble statues of hermaphrodites 
which the ancient Greek and Roman 
sculptors often produced. But the man 
would only be a real hermaphrodite if he 
had ovaries internally besides the (exter¬ 
nally visible) testicles. 

1 observed a very similar case during 


part) and the dressing of the hair (with 
comb), 1 first took the beardless youth to 
be a w'oman. The illusio^ was greater, 
as in this remarkable case gynecomastism 
was associated with cryptorchism —that 
is to say, the testicles had kept to their 
original place in the visceral cavity, and 
had not travelled in the normal way down 
into the scrotum. (Cf. Chapter XXI 7 (|.) 
Hence the latter was very small, soft, and 
empty. Moreover, one could feel nothing 
of the testicles in the inguinal canal. On 
the other hand, the male organ was vei;y ^ 
small, but normally developed. It v)^ 
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that this appart^t hermaphrodite 
w^'a^feal male. 

caseof pi^ctical ^gynecomastism 
It^n desCribi^' by Alexander von 
tlijiTOfdt. In a Soufh American forest 
>{id a solitary, settler whose wife had 
n chUd-bi^. The man had laid the 
ln^e^i^,bot■n child on his owii breast in 
Mespair » £iod the continuous stimulus of 
^tne chHd’s sucking movements had revived 
^e activity of the mammary {glands. It 
is possible that nervous suj^fjfcstion had 
^ome share in it. Similar cases have 
.been often observed in recent years, even 
anpong other male mammals (such as 
^heep and g-oats). 

The ^reat scientific interest of those 
facts is in their bearing on the question 
of heredity. The stem-history of the 
maramarium rests partly on its embry¬ 
ology (Chapter XXIV.) and partly on the 
facts of comparative anatomy and physio¬ 


logy. As in the lower and higher mam¬ 
mals (the 'monotremes, and most of the 
marsupials) the' whole lactiferous appa¬ 
ratus is only found in the female ; an 1 as 
there are traces of it in the male only 
a few younger marsupials, theffe can be 
no doubt tliat these important organs 
were originally found only in the female 
niaminal, and that they were acquired by, 
these through a special adaptation tO' 
habits of life. 

Later, these female organs were com** 
municaled to both sexes by heredity; and 
they have been maintained In all persons ■ 
of either se.x, although they are not physio- 
logicallyadtive in the males. This normal 
permanence of the female lactiferous 
organs in both sexes of the higher mam¬ 
mals and man is independent qf any 
selection, and is a fine instance of the 
much-disputed “inheritance ot acquired 
characters.” 


Chapter XII. 

EMBRYONIC SHIELT3 AND GERMINATIVE AREA 


The three higher classes of vertebrates 
which we call the amniotes — the 
mammals, birds, and reptiles—are notably 
"distinguished by a number of peculiarities 
of their development from tlie five lower 
classesof the stem- -the animals without an 
amnion (the anamnia). All the amniotes 
have a distinctive embryonic membrane 
l^own as the amnion (or “ water- 
iW^mbranc ”), and a special embryonic 
appendage—the allantois. They have, 
furtlier, a large yelk-sjic, which is filled 
with food-yel^'*in the reptiles and birds, 
and with a corresponding clear fluid in 
the mammals. In consequence of these 
iatpr-acquired structures, the original 
features of the development of the 
amniotes are so much altered that jt is 
vejy difficult to feduce them to the palin- 
^petic embryonic processes of the lower 
fiuanion-Iess vertebrates. The gastrsa 
Hiebry shows us boV to do this, by repre- 
the embt^oloj^y of the lowest 
"the skulhless amphioatus, as 


the original form, and deducing from it, 
through a series of gradual modifications, 
the gastrulation and cceloniation of the 
craniota. 

It was somewhat fatal to the true con¬ 
ception of the chief embryonic processes « 
of the vertebrate that all the older embryo¬ 
logists, "rom Malpighi (1687) and WoUf 
(1750) to Haer (1828) and Remak (1850), 
always started from the investigation of 
the hen’s egg, and transferred to man 
and the other vertebrates tfie impressions 
they gathered from this. This classical 
object of cmbryological researchjis, as we 
have seen, a source of dangerous errors. 
The large round food-yelk of the bird’s 
egg causes, in the first place, a flat 
discoid expansion of the small gastrula, 
and then so distinctive a development of 
this thin round embryonic disk that the 
controversy as to its signiflcance occupies 
•a large part of embryological literature. 

One of the most unfortunate errors that 
this led to was the idea of aa ori^n^ 

F 
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antithesis oT {Term fmd yelk. The latter 
was regarded as a foreign body, extrinsic 
ly the real germ, whereas it is properly a 
part of it, an embryonic organ of nutrition. 
Many authors s.iid theie was no trace of 
the embryo until a later stage, and 
outside the yelk ; sometimes the two¬ 
layered embryonic disk itsell, at other 
times only the cinlral portion of it (as 
distinguished from the germinative area, 
which we will describe pre.sently), was 
taken to be the lirst outline of the embryo. 


primitive gut. This is clearly shown by 
the ova of the. aihphibia and cyclostoma, 
which explain the transition from the 
yelk-less ova of the amphioxus to the 
large yelk-filled ova of tlie reptiles and 
birds. 

It is precisely in the study of these 
dillicult features that we sec the incal* 
culable value of phylogenetic considera¬ 
tions in explaining complex ontogenetic 
facts, and the need of separating ceno- 
genetic phenomena from palingenetic. 



I-'ir., lo.i; Severance of the discoid mamma] embryo from the yelk-sac, in transverse section 

.1 TIu f^c'riiiiual disk ^ A, /i / ) Iil-s Hat on one sak- ot the br.inchial-('tit vesu k- ( kb), ft In the 
iniddk- ol Ihi" niTinin.il disk u'l- tiiul tlu inodiillni ^ (<rooM- (/nr), and iindfrncnth it tho chord.i (<h ) C The gut- 
(ilm'-hiMTCiZ/V h.is hivii I'lK'losi’d hy tlu giit-iil.ind-l.iyiT (/it)). J) Tin.' sUin-lihro-lriyor f/;/V and gut-fibre-ho’cr 
(/it ) iliMdf .d till' iii.TipluM-y : (In gill (ti) begins to sop.irali; from tlu- \i Ik-snc or umbilical vesicle (//b). Ji The 
inoihill.in lube ( tnr) is closi-d : the h.id\ -c.ii ily (i ) begins to torni. A' J'hc provcvtcbra; (w) begin to grow round 
till' iiu'diillai y tiibi’t///; > .tnd tin ihord.ifi/O tin- gutrrf>is cut oH tiom tlu* uiiibilical vfsick* (t/b). //The 
vi rt ohr.i* (w) haw giowu umiid the iiusliill.ii y luho (/ttr) and chorda: the body-i..ivitj is closed, and the 
umbilical vesicle lias dusappiarid I'lie .iminoii and si rous memhr.ani .ire omitted. 

The lettcis h.i\e Ihi s une meaning Ihuuighont . it horn-pl.ite, ttir mediillart lube, A/skin-tibre-hiyer, 7 V 
priivertebr.c, /A iborda, t bod\-c.ivi(\ or iiuloma, t)J giit-libre-la>er, ild gut-gland-f.i>er, 1/ gut-cavity, 
/tb umbilical \esiile. 


In the light of (he g.istra'a theor\ it is i 
hardly necess.ir\ lo dwell on the defects 
of this earlier \ iew :uid llie erroneous 
conclusions drawn from it. In reality, 
the iirsi segmentation-cell, and even the 
stem-cell itself and all th.il issues there- ' 
from, belong to the emltrui. As the large ] 
original yelk-mass in the undivided egg | 
of the bird only represents an iiiclosure in | 
the greatly enlarged ovum, so the later \ 
contents of its embryonic \elk-s;ic! 
(vl-ether yet .segmented or not) are only. | 
a part of the entoderm which forms the i 


Tliis is particularly clear as regards the 
comparative embryology* of the verte¬ 
brates, because here tlie phylogenetic 
unity of the stem has been already e.stab- 
lished by the well-known facts of paleon- 
tolog)’ and comparative anatomy. If 
this unity of the stem, on the basis of the 
ampliioxus, were always borne in mind, 
we should not have these errors con¬ 
stantly recurring. 

Jn many cases the cenogenetic relation 
of the embryo to the food-yelk has until 
now given rise to a quite wrong idea of 
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the first and most imfK>rtant embryonic 
processes in the higher vertebrates, and 
nas occasioned a number of false theories 
in connection with them. Until thirty 
years ago the embryology of the higher 
vertebrates always started from I hi' 
position that the first structure of the 
embryo is a flat, leaf-shaped disk ; it was 
for this reason that the cell-layers that 
compose this germinal disk (also called 
germinativ'e area) are called “germinal 
layers.” This flat gei minal disk, which is 
round at first and then oval, and which is 
often described as the tread or cicalricula 
in the laid hen’s egg, is fi>und at a certain 
part of the surface of the large globular 
food-yelk. 1 am convinced that it is 
nothing else than the discoid, ll.itlened 
gastrula of the birds. At the beginning 
of germination the flat embryonic disk 
curv'es outwards, and separates on the 
inner side from the underIving large yelk- 
baH. In this way the Hat layers are con¬ 
verted into tubes, their edges folding and 
joining together (Fig. fo§). As the 
embryo grows at the expense of the food- 
yelk, the latter becomes smaller and 
smaller ; it is completely surrounded by 
the germinal layers. Later sti'l, the 
remainder of the foixJ-yelk only forms a 
small round sac, the yelk-.sac or umbilical 
vesicle (Fig. 105 «//). This is enclosed by 
the visceral layer, is conneiteJ by a thin 
stalk, the yelk-duct, with the central part 
of the gut-tube, and is tinally, in most of 
the vertebrates, entirely' absorbed by this 
L II)• The point at which this takes 
place, and where the gut finally closes, is 
the vi.sceral navel. In the mammals, in 
which the remainder of the yelk-.sac 
remains without and atrophies, the yelk- 
duct at length penetrates the outer 
ventral wall. At birth the umbilical cord 
proceeds from here, and the point of 
closure remains throughout life in the 
skin as the navel. 

A.S the older embryology of the higher 
vertebrates was mainly based on the 
chick, and regarded the antithesis of 
embryo (or formative-yelk) and food-yelk 
(or yelk-sac) as original, it had also to 
look upon the flat leaf-shaped structure 
of the germinal disk as the primitive 
embryonic form, and emphasise the fact 
that hollow grooves were formed of these 
flat layers by folding, and closed tubes by 
the joining together of their edges. 

This idea, which dominated the whole 
treatment of the embryology of the higher 
vertebrates until thirty years ago, was 


totally false. The gastraia theor), which 
has its chief application here, teaches us 
that it is the very reverse of the truth. 
The cup-shaped gastrula, in the body- 
wall of which the two primary germinal 
layers appear from the first as closed 
tubes, is the original embryonic form of 
<d] the vertebrates, and ail the multi¬ 
cellular invei tebrates ; and the flat ger¬ 
minal disk with its superficially expanded 
germinal l.iyeis is a later, secondary 
lorm, due to the cenogenetic formation 
of the largi* food-yelk and the gradual 
spie.id of the germ-1.lyei's over it s surface. 
Hence tlu* .ii tual folding' of the gt'rminal 
layeisaiul tlu'ir conversion into tubes is 
not an oiiginal and primarv, but a much 
later and tertiary, evolutionary process. 
In the phylogeny of the vertebrate em¬ 
bryonic process we may distinguish the 
following three st.iges ; i 


A. : 

Primary 

tU ) 

(‘inhrvDtiiu 

piocfss 


J Ik‘ 111 
l.ivcrs loiiii i 
ilu- hi si lI* 
(uIk’s. itu* 
l.TVi'rcil hU'istul.i 
tonverffd 
inU> till* 1wt>- 
layoivtl ^-astriil.i 
h\ inv.i^iiialion 
N\) ftn>J-yi*lk 
( w.s. ) ; 


n. SlvoiuI . 

Secondary 

cinbryoiiii' 

pfiH l*SK, 


Tlu- j^iTininal i 
i.iMirssprt <11.1 out j 
K fil-VVist , hnnl- I 
V !k j^.illu’nn^c [ 
I he ventral 
niilv'iiU rrn, anti a 

lu 1 II I orm ctl 
i10111 lilt* iniddlt.’ 
1)1 llio 

( Atnf^hihia, ) 


! I' Tliirtl : 

Tertiary 

(i nno^c'iiftii) 
t'riihr) t>Mu 
pHH uss. 


'I'lu* jjtTininal 
la \ t.M lorm a Hat 
^ci iniii.il disk, 
flu houkrs iff 
whuh join to- 
t^^tilioi .ind (onn 
1 I s ftl t U l)f s, 
si*))a] Iroin 

lht‘tt'iilral yolk- 
sac. 

( ^ t ) 


As this theorv, a logiial conelusion 
from the gastra-a theorv, h.is been fully 
substantiated by the comparative study 
of gastrulalion in the last few decades, 
we must ex,Idly leverse the hitherto pre¬ 
valent mode of treatment. The yelk-sac. 
is not to he treated, as was done formerly, 
as if it were originallv antithetic to the 
embryo, but as an essenliid part of it, a 
part of its visceral tube. The primitive 
gut of the gastrula has, on this view, 
been divided into tw'o parts in the higher 
animals as a result of llie cenogenetic 
foriUatlon of the food-yelk- the perma¬ 
nent gut {metas^asier)y or perm.inent 
alimentary canal, and tlie yelk-sac (Icci- 
thoma ), or umbilical vesicle. This is very 
clearly shown by the comparative onto¬ 
geny of the fishes and ;miphlbia. In 
these cases the whole j'elk undergoes 
cleavage at first, and forms a yclk-gland, 
composed of yelk-cells, in the ventral wall 
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of tlie primitive g’ut. But it afterwards 
becomes so Jarg’e that a part of the yelk 
does not divide, and is used up in the 
yelk-sac that is cut off outside. 

When we make a comparative study 
of tlje embryoloj:fy of the amphioxus, the 
frog’, the chick, and the rahbit, there 
cannot, in my opinion, be any further 
doubt as to llic truth of this position, 
which 1 have held for thirty years. Hence 
in the light of the gastnea theory wc 
must regard tlie features of the amphi- 
OKUS as the only and real primitive 
structure among all the vertebrates, de¬ 
parting very little from the palingenetic 
embryonic fonn. In the cyclosloma and 
the frog these features are, on the whole, 
not much altered cenogenetically, but 


The oldest, oviparous mammals, ]the 
monotremes, behave in tl^ same way as 
the reptiles and birds. But the corre^ 
ponding embryonic processes in the vivi¬ 
parous mammals, the marsupials and 
placentals, are v'ery elaborate and dis¬ 
tinctive. They were formerly quite mis¬ 
interpreted ; it was not until the publica¬ 
tion of the studies of Edward van 
Beneden (1875) and the later research of 
Selenka, Kuppfer, RabI, and others, that 
light was thrown on them, and we were 
in a position to bring them into line with 
the principles of the gasli jea theory and 
trace them to the embryonic forms of the 
lower vertebrates. Although there is no 
independent food-yelk, apart from the 
formative yelk, in the mammal oviim, 

and although its 



Fi«. icrf, T^e visceral embryonic vesicle (M<is/orj>x/is or of 

a rabbit (the " blastiila ” i>r I’cxiculu hlastixirmiKa ot otluT wi iters), a outer 
onvclopc (o'/jlciiima), h .skiii-Ia}'or or tvtodiTm, forming tlio I'nliro wall of thoyolk- 
vesu-lo, < Kro’ipr. ot cl.irk rolls, ri-pri-sontin,! tbo Mscor.il l:i>cr or entoderm. 

Fig. 107. -Ttte same in section. Letters as above. cavity of the vesicle. 
(Fioui BisckjJi.) 


segmentation is 
total on thataccount, 
nevertheless a large 
yelk-sac is formed 
m their embryos, 
and the “embryo 
proper’* spreads 
leaf-wise over its 
sLirfrice, ns in the 
reptiles and birds, 
which have a large 
food-yclk and par¬ 
tial segmentation. 
In the mammals, as 
well as in the latter, 
the flat, leaf-shaped 
gernninal disk sepa¬ 
rates from the yelk- 
sac, and its edges 
join together and 
form tulles. 


How can wc ex- 


Ihey are vciy much so in the chick, :ind 
most of all in the rabbit. In the bell- 
gastrula of the amphioxus and in the 
hooded gastrula of the lamprey and the 
frog the germinal layers are found to be 
closed tubes or vesicles from the first. 
On the other hand, the chick-embryo (in 
the new laid, but not yet hatched, egg) is 
a flat circular disk, and it was not easy to 
recognise this as .a real gastrula. Rauber 
and Goetle have, however, achieved this. 
As the di.scoid ga.strula grows round the 
large globular yelk, and the permanent 
gut then sejparates from the outlying yelk- 
sac, we find all the processes which wc 
have shown (diagrammatically) in Fig. 
108 — processes that were hitherto re¬ 
garded as principal acts, whereas they 
are merely secondary. 


plain this curious anomaly ? Only as a 
result of very characteristic and peculiar 
cenogenetic modifications of the embryonic 
process, the real causes of which must be 
sought in the change in the reriring of 
the young on the part of the viviparous 
mammals. These are clearly connected 
with the fact that the ancestors of the 
viviparous mammals were oviparous 
amniotes like the pre.scnt monotremes, 
and only gradually became viviparous. 
This can no longer be uuestioned now 
that it has been shown (1884) tliat the 
monotremes, the lowest and oldest of the 
mammals, still lay eggs, and that these 
develop like the ova of the reptiles and 
birds. Their nearest desccniiants, the 
marsupials, formed the habit of retaining 
the eggs, and developing them in the 
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oviduct; the latter was thus converted 
into a womb (uterus). A nutritive fluid 
that was secreted from its wall, and 
passed through the wall of the blastula, 
now served to feed the embryo, and* took_ 
' the place of the food-yelk. In this way 
the original food-yelk of the monotrenies 
gradually atrophied, ;ind at last disap- 
pei^red so completely that the partial 
ovum-segmentation of their descendants, 
the rest of the mammals, once more 
became total. From the disco^rastruln of 
the former was evolved the distinctive 
epi^astru/a of the latter. 

It is only by this phylogenetic evplana- 
tion that we can understand the formation 
and development of the peculiar, and 
hitherto totally misunderstood, blastula 
of the mammal. The vesicular condition 
of the mammal embryo was discovered 
200 years ago (1677) hv Regner de Ciraaf. 
He found in the uterus of a rabbit four 
days after impregnation small, round, 
loose, transparent vesicles, with a double 
envelope. However, Clraaf’s disetwery 
passed without recognition. It was not 
until 1^27 that these vesicles were re¬ 
discovered by Baer, and then more closely 
studied in iS.|2 bv BischolT in tiu rabbit 
(Figs. 107). They ape found in the 
womb of the rabbit, the dog, and other 
small mammals, .a few days after ci>pula- 
tion. The mature ov.i of the mamnuil, 
when they have left the ovary, are ferti¬ 
lised either here or in the oviduct imme¬ 
diately afterw.'irds by the invading sperm- 
cells.' (As to the womb and oviduct see 
Ch.'ipter XXIX.) The cleavage and foi-- 
mation of the gastrula take place in the 
oviduct. Fither here in the oviduct or 
after the mammal gastrula has passed 
into the uterus it is converted into the 
globular vesicle which is shown externally 
in Fig. 106, and in section in Fig. 107. 
The thick, outer, .structureless envelope 
that encloses it is the original crvolemma 
or sona pellucida^ modified, and clothed 
with a layer of albumin that has been 
deposited on the outside. From this 
stage the envelope is called the externa! 
membrane, the primary chorion or pro- 
chopion (a). The real wall of the vesicle 

* In man and the other mammals tlie fertilisation of 
the ova probably takes place, as a rule, in the ov^uct; 
here the ova, which issue from the female ovary in the 
shape of the Graafian follicle, and entOT the inner aper¬ 
ture of the oviduct, encounter the mobile sperm-cells of 
^ male seed, which pass into the uterus at copulation, 
%nd from this into the external aperture of the oviduct. 
Imprcgtiation rarely takes place in the ovary or in the 
womb. 


enclosed by it consists of u simple layer 
of ectodermic cells (b)y which are flattened 
by mutu.'tl pressure, and generally hexa¬ 
gonal ; a light nucleus shines through 
their fine-grained protoplasm (b'ig. loS). 
At one part (c) inside this hollow ball we 
And a circular disc, formed of darker, 
softer, and rounder cell.s, the dark-grained 
enlodermic cells (Fig. itx)). 

The characteristic embryonic form that 
the developing mammal now exhibits has 
up to tile present usually been called the 
“blastula” (Bischoll), “ sjic-shaped em- 
bi'vo” (Baer), “vesicular embryo” (vcsi~ 
ctila b/aslodcnnhn, or, brietly, blnsfo- 
sphivra). The wall of (lie holknv vesicle, 
which consists of a single la>er of cells, 
was called the “ blastoderm,” and was 
sup|X)sed to be ec|uivalent to the cell-layer 
of the .same name that forms the w.ill of 
(he real blastula of the amphioxus and 



V'i»,. loH. Fui. iix). 


I‘'k;. loH Four entodermlc cells from 
L'mlii \oiiIl vcsiilc of llii‘ r,dibit, 
l-'ui. KKj. Two entodermlc cells from 

I'liibiyoiiu Vf.sicli'of the r.ibliit. 

many of the invertebrates (such as Mono- 
xenia. Fig. 2() E, G). Formerly this 
real blastula was generally believed to be 
equivalent to the embryonic vesicle of (he 
in:immal. However, this is by nmneans 
the ca.se. What is called the “ blastula ” 
of the mammal and the real bLustula of 
the amphio.xus and mnny of the inverte¬ 
brates are totally dift'erent embryonic 
structures. The latter (blastula) is palin- 
genctic, and precedes the forniiition of 
the gastrula. Tlie former (blastodermic 
vesicle) is cenogenclic, and follows gas- 
trulation. The globular wall of the 
blastula is a real blastoderm, and consi.sts 
of homogeneous (blastodermic) cell^ ; it 
is not yet differentiated into the two 
primary germinal layers. But the globu¬ 
lar wall of the mammal vesicle is the 
differentiated ectoderm, and at one point 
in it we find a circular disk of quite 
different cells—the entoderm. The round 
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cavity, filled with fluid, inside the real which we have considered previously 
blastula is the seg'incrilation-c.avily. But (Chapter IX.). For these reasons it is 
the similar cavity within the mammal very necessary to recoffnisc the secondary 
vesicle is the yelk-sac cavity, which is embrycnic vesicle in the mauimal^^«ji^2'0- 
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Ovum of a rabbit tn 
sixth ol .in iiih.-tnnln 11 k ii 
It. IS \\ It hill .1 hltlc lioiii IIk' Milo 

Ill thf niulil of till- ovoli 1 

disk (hl.islod isi us, f), .it till iilttro «liicl 
I l;i '1 till i-inhrvonu ik id 

111 expand, tl' iirs. im 111 Ironi />/.«/;«// I 
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J'li. Ill - The same ovum, sun ,n piolile. Letters 

.IS III Kif^. no 

V'li. JI J. - Ovum of a rabbit fiom tin- nterns, inif- 
foiirlh of an iiu-h in diaiiirtiT. 'I'lie hl.istodiTm, is 
.■ihix'id}' for the most p.iit tKO-laicied f/>J- Tlie ovo- 
li nirn.i. or oii(iTeii\i-lopi>, is tnited f// J. 

Fii.. iij. - The same ovum, seen in profile, l.etters 

as in IIJ 


Fil.. 114. Ovum of a rabbit from tlu- uterus, one- 
third lit an ineh in diainetei. 'The cnihryonic x'esitle is 
now ne.irly e\iT\ where two-laycred ( ), only remaining' 
one-layered lielow (at </). 


Fig. I 14 

connecled with the incipienl pfut-envity. 
Tliis primitive pfut-cavily ptisses directly 
Into llie sefjny.Milation-cavIty in the mam¬ 
mals, in consequence of the peculiar ceno- 
genetic-changes in their gastrulation, 


rvsfis or f/ 7 ns/orvsf/sJ as a characteristic 
structure peculiar to this class, and dis¬ 
tinguish it careful!)' from the primary 
blastula of the amphloxus and the inver¬ 
tebrates. 
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Tlie small, circular, whitish, and i>pa*.|LK‘ 
"Spot which (lie ffastric disk (Kij;. loti) 
forms at a corlain part of the surface of 
tlie’clcitr and ■»lransp,irent embryonic 
Vesicle has lon^ been knovvai to science, 



Fui. 11 i Round fferminative area of the \ 
rabbit, xliviJtLi into till ciMiti.l1 fat’ 

liKititi) aiul tlit‘ jHMip1uM.ll tl.irk auM (art'a oftunt), ' 
The an.I si eiiis d.irktr on .uiouiit ot (1u daik 

^rounJ appc.iniit; llirmiy^h it 

and compared to (he j^jermlnal disk of (he ; 
birds and reptiles. Soinelnnes it has been j 
called the f^erminal disl.., sometimes llu- | 
germinal spt)l, and usually liie jj^ciinina- i 
tive area. l''rom llu' ai ea (he furlher I 
development of (he embryo proceeds. [ 
JIt)we\er, the lar^if p.art of the embr\- ' 
tniic vesicle of the mammal is not directiv , 
used lor buildins; up the later hod\, but i 
for the construi tit>n of (he (empoiarv 
umbilical vesicle. The embrvo separates | 
from this in proportion as it i^row s .at its j 
expense; the (wo are only lonnci ted by I 
the }elk-diict (the stalk of (he yelk-sai), ! 
and this mainl.iins ihediiact ci>mmutiica- ! 
tion between the ca\i(\ of the umbilii'.al '■ 
vesicle and the lorminj;’ viscer.il c.ivity | 
(Fi^. 105). . . . ' 

The f^ermin.'itive area or j^astric disk ot , 
the mammal loiisisls at first (like the 
fjerminal disk of birds and reptiles) merely 
of the two primary i);^eiminal layers, the 
ectijderm and entoderm. Ilut soon there 
appears in (he middle (*f the circular disk 
between the two .1 third stiMtum of cells, 
(he rudiment of the middle layer or fibrous 
la\'er(' nicsodcnu). d'hls middle j^erminal 
layer consists from the lirst, as w'e have 
seen in the tenth C'hapier, t>f two separate 
epithelial plates, the Iwv) layers of the 
ccelom-pouches (parietal and visceral). 
However, in all the amniotes (on account 
of tile lar^e formation of yelk) these thin 
middle plates are so lirinlv pressed 
together that they seem to represent a 


single layer. It is thus peculi.ir to (he 
amniotes that the middle of the ^eimina- 
tive area is composv'd of four germin.d 
layyrs, the two limiting (or primary) 
layfers and the middle layers between 
them (Figs. c)6, 1)7). 'I'hese four second- 
aiy germinal layers can be clearly dis¬ 
tinguished as soon as what is called the 
sickle-groove (i>r “embryvvnic sickle”) is 
seen at the hind border of the germinativ e 
area. At (he borders, however, the ger¬ 
minal ive are.i of the m.immal only con¬ 
sists of two lavers. 'I'he resi of (he wall 
of the embryonic vesicle consists at first 
(but only foi a shoi t time in most of the 
mammals) .vf a single layer, the outer 
germinal laver. 

From (his stage, however, (Iw whole 
wall of the embryonic vesicle becomes 
tvvo-lavered. Fbe middle I'f the germina- 
tive area is nnu h thickened bv the growth 
of the cells of the middle layers, .and (he 
inner l.iyOi expands at the same time, and 
iiu leases .at (he bolder of the disk all 
round. Lving c los.' on (he outer layer 
throughout, it gi'owsovei its inner surface 
at all points, covei s (ii st the uppei and 
then (he lower ^lemisphere, .and at last 
I loses in the middle of the inner l.iver 
(b'ig's. no 114). d'he vv.ill of (heembiy- 
oiiic vesicle now consists throughout t>f 
(wo layers of cells, (he ectoderm without 
and the entoderm within. It is only in 
(be centre of the circular are.a, which 



Fii.. nil Oval area, with uliitish 

boiJi’rol tlu dark uo.i vvitluMit 

becomes thicker and thiiker through the 
growth of the middh' lay its, tlurt it is 
made up of till lour layers. .\t the same 
time, small structureless tufts or warts are 
deposited on the surface of the outer 
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ov'oJemiTia or prochorion, whicl) has been 
^ ruined uimve the cnihryonic vchklc (Fijjs. 
112 114/7). 

We may now disrefj'ard bo<Ii the outer 
ovolemma , and the greater part of the 



I-'io. 117. Oval srerminal disk of the rabbit, 
aUnit ton limi-s. As llio lii-lK'ati', I1.1II- 
traMsp.irfiit disk lios on a ld.uk {'round, (lie pelliieid 
.iiea looks like a dark riii{:, and tlu' opaque arta (I.Miii' 
outside it) like ,t while rin{j. Tin ov.il shield in tlu 
eentre also looks whitish, and in its ,i\is we see the 
dark medullar} {'iwvc. (From HimIioJ}.) 

vesicle, and concenlratc our attention on 
the f>erininative area and the four-l.iyered 
enihryonic disk. It is here alone that we 
find the imporltint changes whicli lead to 
the dllTerentiation of the first organs. It 
is immaterial whether we examine the 
germinative .area of the mamm.il (the 
rabbit, for instance) or the germinal disk 
of :i bird or ti reptile (such as a li/.trd or 
tortoise). The embryonic processes we 
are now going to consider are essentially 
the .s.'ime in .all members of the three 
higher clas.ses of vertebrates which we 
c.all the iimniotes. Man is found to .agree 
in this respect with the rabbit, dog, ox, 
etc.; and in till these m.ainmal.s the ger¬ 
minative area undergoes essentially the 
s.ame changes as iigthe birds tind reptiles. 
They lire most frequently and accurately 
studied in the chick, because we Ciin h.ave 
incubated hens’ eggs in any quantity at 
any st.age of development. Moreover, the 
round germinal disk of the chick p.asses 
immediately after the beginning of incu¬ 
bation (within a few hours) from the two¬ 


layered to the four-layered stage, the two¬ 
layered mesoderm developing from the 
medi.an primitive groove between the 
ectoderm and entoderm (Figs. 82-9?).' 

The first change in the round ghrminal 
disk of the chick is that the cells at its 
edges multiply more briskly, and form 
darker nuclei in their protoplasm. This 
give's rise to a dark.ring, more or less 
sharply set ofl' frtim the lightei; centre of 
the germinal disk (Fig. 115). From this 
point the Killer lakes the n.imc of the 
“light area ” f area prlhuitin),und the 
darker ring is c.illed the “dark .area” 
(area opaca). (In a strong light, as in 
Figs. 115117, the light areti seems dark, 
because the dark ground is seen through 
it ; and the d,ark are.i seems whiter). The 
circular shape oi" the areti now cluinges 
into elliptic, ,'md then immediately into 
oval (Figs. 116, 117). Cine end seeim to 
be broader and blunter, the other n.arrower 
and more pointed ; the former ctirresponds 
to the anterior and the latter to the pos¬ 
terior section of the subsequent body. At 
the same time, we can .already trace the 
characteristic bil.aler.al form t>f the body, 
the .antithesis of right and left, before .and 



Fic. iiH—Pear-shaped grerminafl shield of the 
rabbit (eiljht old), mii^nificd twenty times, rf 
incdullji^.v ffrotive, fr primitive groove (primitive 
niouthjr (From KulUkcr.) 

I'whind. This will be made clearer by the 
“ primitive streak,” which .appears at the 
posterior end. ^ 

At an early stage .an Opaque spot 
seen in the middle of the cle.ar germinative 
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area, and this also passes from a circular 
to an oval shape. At first this shield- 
shaped marking is very delicate and barely 
perceptible; but it soon becomes clearer, 
and now stands out as an oval shield, 
surrounded by two rings or areas (I'ig. 
117). The inner and brighter ring is the 
remainder of the pellucid area, and the 
dark outer ring the remainder of the 

S ue area ; the opaque shield-like spot 
is the first rudiment of the dorsal 
part of the embryo. We give it briefly 


ment ” and “germinative area” are used 
in many different senses- -and this has led 
to a fatal confusiwi in embryonic literature 
-we must explain very clearly the real 
signiticance of these important embryonic 
parts of the amniote. It will be useful 
to do so in a series of formal priti- 
ciples ; — 

i. The so-called “first trace of tlic 
embryo” in tile amnioles, or the enibry- 
t»nic sliield, in the centre of the |">ellucid 
area, consists merely of an early dilTercn- 



Fio. Iig.— Median longitudinal section of the gastrula of four vertebrates. (Kn>ni Rahl') A 
dihCOg'.'i'.trul.T of a shark f Pnstini'ux). li atHpliiffastriila of a sturgeon ( .in ijfirnvr). ainphitf.istriila of an 
amphibuiin ( TritonJ. 1 ) i^igfastrnla of an amnioti- (diagram), a vuii(r,il, h dorsal lip vjf Ihi; primitive mouth. 


the name of embryonic shield or dorsal ! 
shield. In most works this embryonic j 
shield is described as “ the first rudiment | 
-or trace of the embryo,” or “ primitive j 
embryo.” But ibis is wrong, though it j 
rests on the authority of Baer and BischotT. ' 
.As a matter of fact, we already have the I 
embryo in the stem-cell, the gastrula, and j 
.all the subsequent stages. The embryonic 
shield Is simply the first rudiment th’ the 
dorsiil part, which is the earliest lodcvelop. 
As the older names of ‘ ‘ embryotiic rudi- 


tlatlon and formation of the middle dorsal 
parts. 

2. Hence the best name for it is 

“the dorsal shield,” as I proposed long 

Jigo. . 

3. Tilt germinative area, In which the 
first embryonal blood-vessel.s appear at an 
early stage. Is not opposed as an external 
area to the “embryo proper,” but is a 
part of it. 

4. I ti the same way, the yelk-sac or the 
umbilical vesicle is not a foreign external' 
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iippendfifTc of (Jic'c/iibno, huf .ui outJyin^^ 
pnN of its primiliw ^uL. 

5. Tlu‘ ilorsal shii-Id t;;^r,Kjiia)Iv se pa rales 
from <lii‘_t,a*nninali\t‘ area anJ Ihe \elk- 
sae, ils eclf^a’s ^^rovvini,'' cIi)UM\vartIs and 
foldiiij^ lo,t,a‘l)ier lo I'orm veiilral plates. 

li. The >elk-sat and \'essels of (lie j.^'er- 
minalive area, wliieh stKai spread o\er 
ils whole siirlace, .lie, iherefore, real 
emhrvoiiie organs, or lempor.irv p.irls ol' 
the emhr\o, and h.i\e a tiansilory iinpor- 
lanee in i i)niH'('tion u ith the inilrirK>n of 
Ihe j,^rowini4 l.iler body ; the latter ma\ he 
e.dled the “ perni.inent body ” in emitrast 
to them. 

The rel.ilion of these cenofij^enetie 
fe.'ilures ol" the amniotes to tlie p.alin- 
j^enetie striietures of the older non- 
amniotie \ei'lebrates may be expressed 
in the follow injj;’ theses; The orijrinal 
}.jasliula, whii’li eomplelely passes into 
Ihe einbryonii body in the acrania, evclos- 
toina, and .impliibl.i, is early divided into 
two pails in the amniotes the embryonie 
shield, whieh lepiesents the dttrs.al tnilline 
of llie permanent body ; and the tempor.iry 
emhryonii ort>ans of the ^ermin.itive are.a 
and its blood-yessels, whieh soon i^row 
over the whole of the yelk-s.ic. The 
differenees whieh we lind in the various 
el.isses of Ihe yerlebr.ile stem in these 
import.int pat lieu!.irs i.m only' be fully 
understood yvhen we bear in mind their 
phylojji^enelie rel.ilions on the one hand, 
.ind, on the other, the eenot^enetie nutdi- 
iiealions of struetiire that h.oe been 
hn)uj.;ht about by th.uif^^es in the le.irini;' 
t>f the younj4' :md the variation in the mtiss 
oflhe food-velk. 

We have tdreadv deseribed in the ninth : 
eh.ipter the changes whieh this inerease 
and deeivase of the nutritive yelk e.auses ^ 
in the form of the i^.islrula, and espeei.dly j 
in the situativai and sh.tpe i>f the primitive 
mouth. The primiliy e mouth or prostomti 
is ori.t;inally .1 simple round aperture at 
the lower pvile of the lonj» ;i\is ; ilsdors.al 
lip is above .ind ventr.d lip beloyv. In the 
amphioxus this primitive mouth is .a little 
eeeentrie, or shifted to the dor.s.d side 
(Fig. 3()). The aperture increases with 
the growth of the Ibod-velk in the eyelo- 
stoma and ganoids; in the stuigeivn it lies i 
almost on the eijuatorof the round ovum, 


the ventnil lip f aj in front and the dorsal 
lip f fij behind (Fig^ 119/^). In the wide¬ 
mouthed, circul.ar discoid gaslrula of the 
.selaehii or primitive fishes, which .spreads 
c|uile ll.'il on the large food-yelk, the 
anterior semi-circle of the border, of the 
disk is thev'entral, and the posterior .semi¬ 
circle the dorsal lip (Fig. 119 A). The 
amphibl.istic amphibia are directly con- 
iii'cted with their earlier fish-ancestors, 
the dipiieiists and ganoids, and further 
the oldest sel.ichii f ( 'cslracion ); they have 
retained their total unequal segmentation, 
and their small primitive mouth (Fig. i ly 
(\ ah), blocked up by the yelk-stopper, 
lies at Ihe limit of Ihe dorsal and ventral 
surface of the embryo (at the lower pole 
of ils eqii.itorial axis), and there again 
has an upper dorsal and a Knver v'entral 
lip ((1, h ). The formation of a large food- 
yelk followed again in the stem-forms of 
the amniotes, the pnq.imniotes or prorep- 
tili.i, desi ended from the amphibia (Fig. 
IK) /)). Hut here the ai cumul.ition of 
the food-yelk tt)ok pl.iceonlvin thi'ventral 
vyall of the primitive-gnt, .svi that the 
n.'iriow primitive mouth lying behind wais 
forced upvv.irds, .and i.ime to lie on the 
b,ak of the disioid “ epig.istriila ” in the 
shape of tlu‘ “primitive groove”; thus 
(in lonir.tsi to the case of thi' selaehii. 
Fig. I K) A) Ihe dorsal lip f /> J had to be 
in front, and the ventral lip fa) behind 
(Fig. I u)/>). riiis fe.il lire was tr.insmilted 
to all Ihe amniotes, whether they retained 
the large food-velk (reptiles, birds, and 
monolremes), oi- lost it by atrophy (the 
\iviparolls mamin.ils). 

I'liis phylogenetic explanation of gas- 
trulation and cit lomalion, .and the com- 
p.arative study of them in the v.irious 
vertebr.iles, throw a cle.ir .md full light 
on many ontogenetic pbenomen.i, as to 
wlfuh the most obscure and confused 
opinions were prev.alent thirty years ago. 
In this y\e see especially the high scientific 
value of the biogenetic law and the 
.careful .separation of palingeiielic from 
tenogenelic processes. To the opponent.s 
of this law the re.il explanation of these 
remarkable phenomena is impossible. 
Here, and in every other part of embryo¬ 
logy, the true key to the solution lies in 
phy logeny. 
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ClIAF’TKK XIII. 

DORSAL BODY AND VKNTRAL BODY 


The earliest slaijes of the luiin.in enihrvo ' 
are, for the reasons already f^iven, either i 
quite unknown i^r only iinperi'eclly known ' 
to us. Bui as the subsequent einbrvonie ! 
forms in man behave and develop just as \ 
they do in all tlie oilier mammals, there 
cannot be the slightest doubt that the 
preceding’ stages alsvi are similar. We \ 
have been able to see in the civloiuula of 
the human embiao (Kig. 117), by trans¬ 
verse sections througli its primiti\e 
mouth, that its two laelom-pouches are 
developed in just the same way as in the 


it is in the middle line of this that the 
primitive streak appears (Fig. 121 ps). 
I'he narrow knigitudinal groove in il-- 
ihe so-c.ilU'd “primitive groove is, as 
we ha\e seen, the primitive imiuth of the 
gastrul.i. [n the gaslrul.i-embryos of 
the m.immals, which are much modified 
cenoj^eiu tically, thisclclt-shaped prosloma 
is leiit^tliencd so much that it soon 
traversi s the whole of the hinder half of 
the dorsal shield ; as we find in a rabbit- 
embryo of six ti,j eight days (Fig li.: pr). 
The two swollen parallel holders that 




B 

Fifi. I»>.—Embryonic vesicle of a seyen-days-old rabbit with oval embryonic shield (nKi- 

A seen from abovi*, B from llie skIo (I'roin KnUiker ) ag dors.'il oi omlirvonii [n B thf upper 

halt of the vesicle is made up of the Iwo piiiii.xr> i;eriiiiii.il Kiyers, the lowei (up to^'c) only lioiii the oiitei lajer. 


rabbit (Fig. qh) ; moreover, the peculiar 
cour.se of the gastrulation is just the s.'une. 

The germinativ^; area forms in the 
human embryo in the same way as in the 
other mammals, and in the middle parttif 
this we have the embryonic shield, the 
purport of which we considered in the 
previous chapter. The next changes in 
the embryonic disk, or the “embryonic 
spot, ” take pi ace i n correspond i ng fash ion. 
These arc the changes we are now going 
to consider more closely. 

The chief part of the oval embryonic 
shield is at lirsf the narrow hinder end ; 


limit this median furrow are the side 
lips of the piimilive mouth, right and 
left. In this way the bilateral-sjmme- 
trical type of the vertebrate becomes 
pronounced. The subsequent head tif the 
amniote is developed from the bro.ider 
and rounder fore-half of the dorsal shield. 

In this fore-half of the dorsal shield n 
median furrow quickly makes its appear¬ 
ance (Fig. 123 rf). This is the broader 
dorsal furrow or medullary groove, the 
first beginning of the central nervous 
system. The two parallel dorsal or 
medullary swellings that enclose it grow 
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tojjellier over it afterwards, and fonn the 
itiedullftry tube. As is seen in transverse 
sections, k is formed only of the outer 
germinal,,layer (Fijjs. 95, 13b). The lips 
of the primitive mouth, however, lie, as 



we know, at ,thc important point where 
the outer layer bends over the inner, and 
from ^hich the two ccelom pouches grow 
between the primary germinal layers. 

Thus the median primitive furrow (pr) 



B 

Fia. I2I.— Oval jsmbryonlc shield of the rabbit 

(// of six days yi(fliti-t'ii hours, B of eight dayy). 
(From Kolhker.) ps primitive streak, pr primitive 
groove, «»'(,'■ .area gcrminalis, .w sickle-shaped ter¬ 
minal growth. 



‘ Flo. 122. -Dorsal shlfld (a^) and irepmlnatlve area of a rabbit-embryo of eight days. (From 
KiiUtker.) pr primitive groove, rf dyrsaH'iirrow. 

Fio. 123.“Embryonic shield of a rabbit of eight djiys. (From Io« Heneden.) pr primitive.groove, 
CM calialis neiirentcricus, nk nodus ncurentcricus (or " lleiiKcn's ganglion"!, ^head-proce^(chorda). 
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111 the Ji'id the tncdi.'in inedulUiry 

furrow (tfj'in the fore-haif of the oval 
^liield are totally dilTeront. structures, 
although the latter seems to a superficial 
observer to be merely the forward con¬ 
tinuation of the former. Hence they 


id sen cm 



were *fornicrly always confused. This 
error was the more pardonable as imme¬ 
diately afterw.'irds the two grooves do 
actually pass into each other in a very 
remarkable way. The point of transition 
is the remarkable neurenteric canal (I'ig. 
124 cm). Hut the direct connection which 
is thus established does not last long ; 
the two are soon definitely separated by a 
partition. 

The enigmatic neitrcnlcrir canal is a 
very old embryonic organ, and of great 
phylogenetic interest, because it arises in 
the same way in .ill the chordonia (both 
tunicates and vertebrates). In every case 
it touches or cmbnices like an firch the 

C osterior end of the chorda, which has 
een developed here in front out of the 
middle line of the primitive gut (between 
the two coelom-folds qf the sickle groove) 
(“head-process,” F'ig. 123 kf). These 
’•ery ancient and strictly hereditary struc¬ 
tures, which have no physiological signifi¬ 
cance to-day, deserve (as “rudimentary 
organs ”) our closest attention. The 
tenacity with which the useless neuren¬ 
teric canal has been transmitted down to 
man through the whole series of verte¬ 
brates is of equal interest for the theory of 
descent in general, and the phytogeny of 
,tbe chordonia in particular. 

The connection which the neuren¬ 
teric canal (Fig. 123 cn) establishes 
between the dorsal nerve-tube (n) and 
the ventral gut-tube (dj is seen very 


plainly in the anlphioxus in a longi¬ 
tudinal section of the ctv»!omula, as soon 
as the primitive mouth is completely 
closed at its hinder end. The medullary 
tube has still at this stage an opening at 
the forward end, the neuropi riis (Fig. 83 
np). This opening also is aftcr- 
cn wards closed. There are then two 
, completely closed canals over each 

f other-the medullary tube above 

and the gastric tube below, the 
two being separated by the 
pjiorda. The same features as in 
the acrania are exhibited by the 
related tunicates, the Ascidiiv. 

Again, we find the neurenteric 
canal in just the same form and 
situfvtion in the amphibia. A 
longitudinal section of a young 
tJidpole (Fig. 125) shows how wo 
may penetr.'ite from the still open 
primitive mouth (x) either into 
the wide primitive gut-c.ivity (al) 
or the n.arrow overlying nerve- 
tube. A little later, when the 
primitive mouth is closed, the narrow 
neurenteric canal (Fig. 126 «c) represents 
the arched connection between the dorsal 
medullary canal (meJ and the ventral 
gastric canal. 

In the amniotes this original curved 
form of the neurenteric c:uial cannot be 
found at fii st, because here the primitive 
mouth ‘travels co,nipletely over to the 



Fig. i25.--Lonjritudinal section of the chordula 
of a frog. (From Balfour.) nr iiLTve-tube, a.- 
canalih nciircnti.*r!cu», al alimentary canal, yelk- 
ccUk, m mcMxierni. 

dorsal surface of the gastrula, and i.s con¬ 
verted into the longitudinal furrow we ^ 
call the primitivi^ groove. Hence dhe 
primitive groove (Fig. 128 ^r), examined 
from above, appears to be the straight V 



Fig. 124.— Longitudinal section of the ccelomula of 
amphiOXUS (from the Icit). »’ciitolUTin, r/ primitive ijiit, r/t 
medullary duct, « nerve tube, m mesoderm, lust priniitiv 
segment, c ccvlom-pouches. (From Hat\<hrk.) 
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continuation of the fore-lying and 
.younger medullary furrow (rtic). The 
divergent hind legs of the latter embrace 
the anterior end of the former. After¬ 
wards we have the complete closing i>f 
the primitive iiu>Lilh, the dorsal swellings 


While these important processes are 
taking place in tne axial part of the 
dors'al shield, its external form also is 
changing. The oval form (Fig. 117) 
becomes like the sole of a shoe or sandal, 
lyre-shaped or finger - biscuit shaped 
(Fig. i.to). The middle third 
docs not grow in width as quickly 
as the posterior, and still less than 
the anterior third ; thus the shape 
of the permanent body becomes 
somewhat narrow at the waist. 
At the same time, the oval ^rm 
of the germinative area returns 
to a circular shape, and the inner 
pellucid area separates rnore 
clearly from the opaque outer 
area (Fig. 131 f/). The completion 
of the circle in the area marks 
the limit of the formation of 
blood-\'essels in the mesoderm. 

The characteristic sandal-shape 
of the dorsal .shield, w’hich is 



Fif!. 125 . Longitudinal section of a frog-embryo. 
(Fri.iii (iiit'l/r ) m iiuuith, / Iimt, uh .inns, hc ivinalis ni'iii- 
enU'iiiiis, /«< im-diillary liilii.. pn pineal body (fpiphy\is 
ch chorda. 



FiC. 127. 

Figs. 127 .and 12S. ■ Dorsal shield of the chick. 
(I'Voin Halfum.) The nii-diill.iry furrow (which is 
iiol yet \isil)lf in Fig. 130. encloses with Us hinder end 
the lore end of tlic primitive groin e (prj in Fig. ij«. 



Fig. 128. 


joining to form the medullary tube and 
growing over it. The ncurenteric 
canal then le.'ids directly, in the .shape of 
it narrow arch-shaped tube (Fig. i2q 7/c), 
from the medullary tube (J to the 
gastric \uhe Directly,in front of 

il is the latter end of the chorda (ch). 


determined by the narrowness of the 
middle part, and which is compared to 
a violin, lyre, or shoe-sole, persists for a 
long time in all the amniotes. All 
mammals, birds, and reptiles have sub¬ 
stantially the same construction at this 
stage, and even for a longer or shorter 
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period after the division of the priniilivo 
seg'ments into the coelom-folds has 
be^un (Fig. 132). The human embrjoonic 
shield assumes the sandal-form in the 
second week of development; towards 


the raWiit and Fig. 135 in the opossum, 
so like each other that we c.m either not 
distinguish them at all or or.ly h\ means' 
of quite subordinate |veuliarilies in the 
size of the various parts. -Moreover, the 
human sandal-shaped embryo 



cannot at this stage be di-s- 
tinguished from llioseofother 
mammals, and it particularly 
resembles that of the rabbit. 
Oi\ the other hand, the outer 
form of these tlat sandal¬ 
shaped embryos is very dif¬ 
ferent from the corresponding 
form of the lower animals, 
e^peciallvthe aerania (amphi- 
oxus). Ne\ertheless, the body 
is just the same in the essen¬ 
tial features of its structure 


as lliat we find in theehordula 


Fia r3q.— Longitudinal section of the hinder end of a chick. 
{From Bal/bur.) i/mt'diilt.iry tubo. coniii.Ttt'd uith tlie U’rmiiial (;iii 
by the neurentenc canal (m ), rh clioi%I.i, pr Mcuri.nl(iii (nr 
Hctiscn’s) gangtion, a! nll.iritois, f/S cclodcrtii, hr onlodcrni, so panclal 
layer, sp viscerat tayer, an anus-pil, inn amnion 


the end of the week our sole-sh.iped 
embryo has a length of .about one-twelfth 
of an inch (Fig. 133). 

The complete bilateral symmetiy of the 
vertebrate body is very e.arly indic.ited in 
the oval form of the enibrvonic shield 


of a chick. latter (Figs. S3 S(»), 

terminal ^'nl aiid ill the einbrvoilie forms 
■iiruiiiiii (or wlilch immedi.'itelv de\elop 
trom It, J he striking ex¬ 
ternal difference is here again 
due to the fact that in the palingenetie 
embryos i)f thi- amphioxus (Figs. S3, S4) 
and I lie ainphibi.i (Figs. S5, Sti) the gul- 


(Fig. 117) by the median primiti\e streak ; 
in the sandal-form it is eien more pro¬ 
nounced (Figs. 131 135). In the lateral 
parts of the embryonic shield a darker j 
central and a lighter peripheral /one | 
become more obvious; the former is 
called the stem-zone (Fig. 134 -s 7 o), ;md | 
the latter the parietal ztme {pz) ; from 
the first we get the dorsal and from the 
second the ventral half of the hody-wall. 
The stem-zone of the amnlotc embi^o 
would be called more appropri.itely the 
dorsal zone or dorsal .shield ; from it 
developes the \\’hole of the dorsal half of 
the later body (or permanent bod\) that 
is to sa^', the dorsal body (cpisuma), 
Again, it would be better to call the 
“parietal zone” the ventral zone or 
ventral shield ; from it develop the 
ventral “lateral plates,” which after¬ 
wards separate from the embryonic 
ve.sicle anil form the ventral body (hvpu- 
sovia )—that is to say, the ventral half 
of the permaiient body, together with 
the body-cavity and the gastric canal that 
it encloses. 

The sole-shaped germinal .shields of all j 
the amniotes arc still, at the stage of con- ' 
struction which Fig. 134 illustrates in 



Fui. iy> Germinal area or germinal disk of 
the rabbit, with sole-shaped embryonic shield, 

magniticil about ton timi dear tirciilar field 

77.^ ih llu-op.'iquc .'irca 'I’hi pellucid area Cj > is Ijre- 
sliaped, liki' the eiiibivomt shield itself (h). Ill its 
avis IS seen the divs.-il tunov or mudull.iry furrow (a). 
(Friim lUsih.oj).) 

wall and body-wall form closed, lubes 
from the first, whereas in the eenogcnclic 
embryos of the amnit)les they are forced 
to expand lcaf-wi.se on the surface owing 
to the great extension of the food-yelk. 
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* It'is all the more notable that the early 
separation of dorsal and ventral halves 
Jakes place in the same rigidly hereditary 
fashion ii^ ^11 the vertebrates. In both 
ihe acrapia and the craniota the dorsal 
body is about this period separated from 
the ventral body. In the middle part of 
the body this division has already taken 
place by the construction of the chorda 
between the dorsal nerve-tube and the 
ventral canal. But in the outer or lateral 


proceed step by step with Intere^ing 
changes in the ectoderm, while the ento- 
derin changes little at first. We can 
study these processes best in transverse 
sections, made vertically to the surface 
through the sole-shaped embryonic shield. 
Such a transverse section of a chick- 
embryo, at the end of the first day of 
incubation, shows the gut-gland layer as 
a very simple epithelium, which is spread 
like a leaf over the outer surface of the 
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Fig. 131.— Embryo of the opossum, sixty hours old, one-sixth of an inch in diaractor. (From Sclenka.^ 
it the irlobuiar embryonic vesicle, a the round gcrminative area. A limit of the ventral plates, r “OTsal snieia, 
e its tore part, u the first primitive sej^ment, r/i chorda, chr its fore-end, primitive tfroove (or mouth). 

Fig, 13a,- Sandal-shaped embryonic shield of a rabbit of eight days, with the fore part of the 
gorminativc area (no opaque, ap pellucid .area). (From hhlhker.) rf dorsal furrow, in the middle ot the 
medullary-plate, h,pr primitive jfroovc (mouth), sfa dorsal (stem) ^one, pz ventral (parietal) zone, 
middle part the first three primitive segments, may be seen. 


In the narrow 


part of the body it is only brought about 
by the division of the coclom-pouches into 
two sections—a dorsad epvomite (dorsal 
segment or provertebr.'i) and ft ventral 
hyposomite (or ventral segment)- by a 
frontal constriction. In the amphioxus 
each of the former makes a muscular 
pouch, and each of the latter ;i sex-pouch 
or gon^|^ 

These important processes of differen¬ 
tiation in the mesoderm, which we will 
consider more closely in the next chapter, 


food-yclk (Fig. 92). The chorda (ch) 
has separated from the dorsal middle 
line of the entoderm; to the right 
and left of it are the twp halves of the 
mesoderm, or the two coelom-folds. A 
narrow cleft in the latter indicates the 
body-cavity (mvh); this separates the 
two plates of the coelom-pouches, the 
lower (visceral) and upper (parietal). The 
broad dorsal furrow ( Rf) formed by the 
medullary plate (m) is still wide open, 
but is divided from the lateral horn-plate 
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f^A^bythe parallel medullary swellings, 
which eventually close. 

During these processes iinpoig^ant 
chanfifes are taking place in the outer I 
germinal layer (the “skin-sense layer”), i 
The continued rise and growth of the J 
dorsal swellings causes their higher parts i 
to bend together at their free borders, ! 
approach nearer and nearer (Fig. i^() 7f'), 
and finally unite. Thus in the end we 


dcsceijt it is a thoroughly natural privess. 
The phylogenetic explanp-tion of it is that 
the central nervous system is the organ 
by means of which all inlercoprse with 
the outer World, all psychic action and 
sense-perception, are accomplished; hence 
it was bound to develop originally from 
the outer and upper surface of the body, 
or from the outer skin. The m< dullary 
tube afterurards separates completely from 
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Fio. 133 Fig. 134. 

Fio. 133.— Human embryo at the sandal-stagrn. onc-twcIfth of .m im-h Umg, from the end of the 
second week, magintied twenty-five time^. (h'rom Count Sper.) 

Fig. 134.— Sandal-shapod embryonic shield of a rabbit of nine days. (From KolUker.) (B,ach 
vi^w from above.) stz stcm-zonc or dorsal .sliiold (with eight piiirs of primitive segments), pa parietal or 
ventral zone, ap pellucid are.a, tif amnion-fold, h heart, ph perieardi.il cavity, vo oniphaKwncseiiteric vein, 
ad cye-vesielcs, vh fore brain, mh middle brain, hh hind brain, uw pnmitue segments (or vertebrie). 


get from the open dorsal furrow, the' 
upper cleft of which becomes narrower 
and narrower, a closed cylindrical tube 
(Fig. lyj 4nr). This tube is of the utmost 
importance; it is the beginning of the 
central nervous system, tlie brain and 
spinal marrow, tiic nuuluUary tube. This 
embryonic fact was formerly looked upon 
as very mysterious. VVe shall see pre¬ 
sently that in the light of the theory of 


the oyter germinal layer, and is sur¬ 
rounded by the middle parts of the pro- 
vertebrai and ftirced inwards (Fig. 146). 
The remaining portion of the skin-sen.se 
layer (Fig. 93 h) is now called the horn- 
plate or horn-layer, because from it is 
developed the whole of the outer skin or 
epidermis, with all its horny appendages 
(nails, hair, etc.). 

A totally dilferenl organ, the prorenal 
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(primitive kidney) duct (is fou|»d to 
be developed at an early stajje from the 
ectoderm. This is orij^inally a quite 
simple, tube-shaped, Icnffthy duct, or 
straight canal, whicli runs from front to 
rear at each side of the provertebnc (on 
the outer side, Fij^. 93 un^. It ori^i- 


the first trace of it does not come from the 
skin-sense layer, but the skin-fibre layer. 

The inner ^erminiil layer, or the gut- 
fibre layer (Fig. 93 dd)^ remains un¬ 
changed during these processes. A. little 
later, however, it snows a quite flat, 
groove-Iikc depression in the middle line 



„ , -Sandal-shaped embryonic shield of an opossum (nidett>hys). three davs old. (From 

(B*ick viow Irom iibtiw ) a/j stem-zono or dorsal shield (with I’ig’lit pairs of primitive segnicnts)* 
p. parietal or vcMitral zone, ap prlhieid area, no opaque area, hk hahes of the heart, fore-end. h hind-end. In 
Uiu median line we sec the chorda f r/rthroug’h the transparent medullary tube (tn). ir primitive sesment* 
primitive streak (oi primitive mouth). 


nates, it seems, out of the horn-plalc al 
the side of the medullary tube, in the gap 
that wc find between the pro\*ertebral and 
the later.'il plates. The prorenal duct is 
visible in this g;ip even al the time of the 
severance of the medullary tube from the 
horn-plate. Other observers think tliut 


of the embryonic shield, directly under 
the chorda. This depression is called the 
gastric groove or lurrow. This at once 
indicates the future lot of this germinal 
l.ayer. As this ventral groove gradually 
deepens, and its lower edges bend towards 
each other, it is formed into a closed tube. 
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the altmenfaty canal, in the same way as 
the medullary groove growls into ' the 
medullary tube. The gut-fibre layer 
(Fig. 137 . 0 ) which lies on the gut-gland 
layer (d), naturally follows it in its 
folding. Moreover, the incipient gut-wall 
pnsists from the first of two layers, 
internally the gut-gland layer and exter¬ 
nally the gut-fibre layer. 

The formation of ’the alimentary canal 
re.sembles that of the niedull.iry Uibe to 
this extent—in bi>th cases a straight 
groove or furrow arises first of all in the 
middle line of a flat layer. The edges of 
this furrow then bend towards each other, 
and join to forma tube (b'ig. 137). Hut 
the two processes are really verj different. 
The medullary tube closes in its whole 
length, and forms a cylindrical tulx', 
whereas the alimentary can.il remains 
open in the middle, aiid its cavity con¬ 
tinues fora long time in connection with 
the cavity of the embrjonic vesicle. The 
open connection betwven tlu'two cavities 
is only closed at a ^crv late stage, by the 
construction of the navel. The closing c)f 
the medullary tube is efl'ected from both 
sides, the edges of the groove joining 
together from right and left. Hut the 
closing ol the .alimentary c:anal is not only 
efiected from right and left, but .also from 
front and rc.ar, the edges of the ventral 
groove growing together from every side 
towards the navel. Throughout the three 
higher classes of vertebrates the whole of 
this process of the construction of the gut 
is closely connected with the formation of 
the navel, or with the separation of the 
embryo from the yelk-s.ac or umbilical 
vesicle. 

In order to get a clear ide.i of this, we 
must understand carefully the relation of 
the embryonic shield to the germin.itive 
area and the embryonic vesicle. This is 
done best by a comparison of the five- 
stages which are shown in longitudinal 
section in Figs. 138-142. The embryonic 
shield (c), which .at first projects very 
^ghtly over the surface of the germina- 
twe area, soon begins to rise higher 
above it, and to separate from th» 
embryonic vesicle. At this point the 
embryonic shield, looked at from the 
dorsal surface, shows still the origin.al 
simple sandal-shape (Figs. 133 -135). We 
do not yet see any tnace of articul.ation 
into head, neck, trunk, etc., or limbs. 
But the embryonic shield has increased 
greatly in thickness, especially in the 
anterior part. It now has the appearance 


of a^hick, oval swelling, strongly curved 
over the surface of the germinative area. 
It begins to sever completely from the 
embryonic vesicle, with which it is con¬ 
nected .'It the ventral surface. A.s this 
severance proceeds, the back bends more 
and nu>re ; in proportion as (he embryo 
grows the embryonic vesicle decreases, 
and at last it merely h.'ings as a small 
vesicle from the belly of the embryo (I'ig. 
142 (A). In consequence of the growth- 
movements which cause this sev'erance, a 
groove-shaped depression is formed at the 
surface of the vesick , the furrviv, 

w'hii h surrounds the vesicle in the shape 
of a pit, .Old .1 circular mound or d.un 
(Fig. i3() is foi'mi'd at the outside of 
this pit by the elevation of the contiguous 
part', of (he germinal vesicle. 

In order to understiiiul cle.'irly this 
important process, we m;iy compare the 
embryo to ,'i fortress with its surrounding 



Fk.. I ?(. Transverse section of the embryonic 
disk of a chick .-u tin- cud ol llic first il;ij of incub.i- 
lion, mat^iufii'il .iboiil tuctiU tinu-s. Tile-cd^t’S of thi- 
incdiill.Tiy pl.'itf itn), tile ii.'diillary swclliiips (tv), 
wlmli scp-irat. till' iiu'ilull.iry from the liorn-pl;ttc f 
.in bi-iijiti); tow.irds i-at'h otln-r. At c.uh sitli-.if the 
I iliord.i {th) till primitive sc^fincnt plates (u) iiuve 
I sep,ir,ite(l lioni tlie l.iter.il 'ates (). A t;ut-|;laild 
l.i\er. (I’roni tCrmalr ) 

ramp.'irt and trench. Tlie ditch consists 
of the oiiler*p.'ut of the germin.'itive area, 
;inJ eomes to ;in end at the point where 
the <irea pas.ses into the vesicle. The 
important fold of the middle germinal 
layc*r th.'it brings .diout the formation of 
the body-c.'ivityspre.ads beyond the borders 
of the embryo over the whole germinative 
area. At first this middle l.'tyer rc.aches 
as far .'is the germinative area ; the whole 
if the rest of the embryonic vesicle consists 
in the beginning only of the two original 
limiting layers, the outer and inner ger¬ 
minal layers. Hence, a.s far as the ger¬ 
minative area extends the germinal layer 
splits into the two plates we have already^ 
recognised in it, the outer skin-fibre layer 
and the inner gut-fibre layer. These two 
plates diverge considerably, a clear fluid 
gathering between them (Fig. 140 am). 
The inner plate, the gut-fibrtf layer, 
remains on the inner layer of the embry¬ 
onic vesicle (on the gut-gland layer). The 
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outer plate, the skiii-fibre layer, lies close 
on the outer layer of the }^ermin;Ui\ile area, 
or the ski‘i-sense lay«r, and " separates 
togetljjer with this from the einhryopic 
vesicle. From these two united outer 
jMates is formed a continuous membrane. 
This is the circular mound that rises 
higher and higher round the whole 
embryo, and at last joins above.it (Figs. 
139-142 am). To return to our illustra¬ 
tion of the fortress, we must imagine the 
circular rampart to be extraordinarily 
high and lowering far above the fortress. 
Its edges bend over like the combs of an 
overhanging wJill of rock that would 
enclose the fortress ; they form a deep 
hollow, and at last join together above. 


the origrtial embryonic ve.sicle, starts 
from the open belly of the embryo (Fig. 
138 hh). In more advanced embryos, in 
which the gastric wall and the ventral 
wall are nearly closed, it hangs out of the 
navel-opening in the shape of .a small 
vesicle with a stalk (Figs. 141, 142 ds\. 
The more the embryo grows, the smaller 
becomes the vitelline (yelk) sac. At first 
the embryo looks like a small appendage 
of the large embryonic vesicle. After¬ 
wards it is the yelk-sac, or the remainder 
of the embryonic vesicle, that seems a 
small pouch-like appendage of the embryo 
(Fig. 142 ds). It ceases to have any 
significance in the end. The very wide 
opening, through which the gastric cavity 



Fifi. I w. -Throe diagrammatic transverse sections of the embryonic disk of the hiuher verte- 

bratf, to show Jthc ong*m of iht* tubular oi^aiis from tht* bending ^fiTminai layers. In Figf. A the medullary 
tiit>e :iiid (111* aliiiu-iitarv canal fiiri* still open (jrooves. In 1 ‘itr. the inoaiillary tube f/ijand the dorsal 
wall are closi-d, but (be .di'meiitary cainil f nj .ind the ventr.il wall are opin ; the prorenal ducts (u) are cut off 
Iroin the honi-plato f and intern.illy connected with se^flncntal prorenal canals. In KiK* C both the medullary 
tulic and (he dorsal wall above ;ind the alimentary canal and ventral wall below are closed. All the open tfrooves 
have Ixvoine closed tubes ; the primitive kidnevs are direeUsI inwards. The letters h.ave the same meaning in 
all tliri'e figuies: A skin-si*nse layer, « medullary tubi-, ii prorenal ducts, x axial rixl, s pnmitive-vertenra, 
r dorsal wall, /> ventral w.ill, r Inxlv-cavity or cujlom.a, / niit-fibrc Layer, / primitive .artery (.’Uirta), i’ primitive 
vein (subintcNtin.al vein), d gul-fibre layer, a alimcni.ir) innal. 


In the end the fortress lies entirely within 
the hollow that has been formed'by the 
growth of the edges of thi.s large ramparl. 

As the two outer layers of the germinti- 
tive area thils rise in a fold about the 
embryo, iind join above it, they come at 
last to form a spticious sac-like membrane 
about it. This envelope takes the name 
of the germinative membrane, ttr water- 
membrane, or amnion (Fig. 142 ant). The 
embryo floats in ;i watery fluid, which 
fills the space between the embryo and 
the amnion, and is called the amniotic 
fluid (Figs. 141,, 142 ah). We will deal 
with tl'ys remarkable formtition and with 
the allantois later on (Chapter XV.). In 
frout of the allantois the yelk-.sac or 
umbilical vesicle (ds), the remainder of 


at first communicates with the umbilical 
vesicle, becomes narrower and narrower, 
and at last disappears altogether. The 
tuwel, the small pit-like de[ircssion that 
we find in the developed man in the middle 
of the abdominal wall, is thy spot at Wliich 
the remainder of the embryonic vosicle(the 
umbilical vesicle) originally entered into 
the ventral cavity, and joined on to the 
growing gut. 

The origin of the navel coincides with 
the complete closing of the external ventral 
wall. In the amnioles the ventral wall 
originates in the .same way as the dorsal 
wall. Both are formed substantially from 
the skin-fibre layer, ancKexternally covered 
with the horn-plate, the border section of 
the skin-sense layer. Both conic into 
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Figs. i3a-i43.— Five dlagrramniatlc longitudinal sections of the maturing mammal embryo and 
its enyelojies. In Figs. 14H-141 ihu longitudmul section passes through the sagittal or middle plane oF'tlie 
body, dividing the right and left halves : in I'-ig. 142 the embryo is seen from the left side. In Fig. 138 the tufted 
prochorion foa'J encloses the germinal vesicK, the wall irf which consists of the two prim.ary layeis. Between 
the outer (a) and inner (i) layer the middle layer (tn) has been developed in the region of the germinatiye area. 
In Fig. 139 (die embryo (e) begins to separate from the embryonic vesicle (ds), while the wall of the .amnion-fold 
rises almut it (in front as head-sheath, behind as tail-sheath, ss). In Fig. 140 the edges of the amniotic fold 
fnind ris?,together over the back of the embryo, and form the amniotic cavity fahj; as the embryo separates 
more completely from the embryonic vesicle (hs) the alimentary canal (dd)\\ formed, from the hinder end of 
which the allantois prows InFig._i4i the allantois is larger; the yelk-sac smaller. _ In Fig. 142 the 

embryo shows the gill-clefts and the outline of the two legs ; the chorion has formed br-mcli^ng villi (tufts.) In >dl 
four figures e = embryo, a outer germinal layer, m middle pcrminal layer, f inner germinal l.iyer, am ainnion 
head-shcath, .vs tail-sheath), ah amniotic cavity, as amniotic sheath of the umbilical cord, kh embryonic vesicle, 
yelk-sac (umbilical vesicle), dg' vitelline duct, df put-fibre layer, dd gut-gland layer, al allantois, vI«AA>plac6 
of heart, if vitelline membrane (ovolemma or prochorion), d' tufts or villi of same, .vA serous membrane (scroletnmak 
*z tufts of same, ch chorion, chs tufts or vdli, .«/ terminal vein,''r pcriccetom of serocceloai (the space, filled whit 
Hukt, between the amnion and diorion). (From Kblliker.} , 
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eKisLence by the conversion of the four the closinj^ in the middle t)f the dorsal 
flat germinal layers of the unjpryonic wall lake place in the 4 lhmc w:^ as the 
shield into a double tu^e by fuiding from medullary tube, wlA:h is henceforth en- 
opposite directions ; anove, at tin* l>a('k. closed by lh» vertebral tube. Thus is 
we haVe the vertebral can,\^ w encloses formed the dorsal wall, and the oiedullary 

tube takes up a position 
inside the body. In the 
same way the provertebral 
mas*, grows afterwards 
round the cla^rda, and 
forms the vertebral column, 
llelovv this the inner and 
outer edge.oj' the prover¬ 
tebral plate splits on each 
side into two horizontal 
plates, of which the upper 
pushes l)etween the chorda 
and medullary tube, and 
I'lf.. the lower between the 

• chorda and gastric tube, 
the medullary lube, and below, at I lie As t he plates meet from both sides above 
belly, the w.ill of the bv)dy-(.a\ity whii.Ii and below llie chorda, they completely 
contains the alimentary canal (I'ig. 137). enclose it, and so form the tubular, 
We will consider the I’ormalion of outer chotd-sheaHi, the sheath from 

dorsal wall first, 



and that of the 
ventral wall atter- 
wards (h'igs. 143- 
147), In t li e 
middle of the 
dorsal surface of 
the embryo there 
is originally, as 
we already know, 
the medullary 
(mr) tube directly 
underneath the 
horn - plate (h J, 
from the middle 
part of which it 
has been devel¬ 
oped. Later, how¬ 
ever, the prover¬ 
tebral plates^ U 7 t>) 
grow over from 
the right and left 
between these 
originally con¬ 
nected parts (Figs. 
.145, 14O). the 

upper and inner 
edges of the two 
provertebral plates 
push between the 
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Fu;s I ) % - Transverse sections of embryos (of i liL-ks). Ftp 14-1 of the 

si'ioiiJ, Fin 144 ol llii. iliiril, Fi^4 145 oI the toiirlh. .inJ Fifj 140 of tin, htth ol 
iiivdb.itioii. I'lH"' *4?"‘4.S fioni Koltihi'r, about 100 ttmes ; Fig. 140 from 

lirnuik. .'ihoiit twoiily times. /i boiii-iilate, muJullary tube, prorenal 

iliu'l, nH proienal vesu les, skiii-fihre l.iver, miiseli’-plat,., //to pmverto- 

bi.il pi.lie (vr/i eut.iiu-iHis iiubmeiil of tbe boJ\ of the vertcisi.i. ifh ot the .areli of the 
vertebra, wq tlie rib 01 ti.iiisveise loiitiniiation), utvh provertebral e.i\ity. rh axial rod 
fA iliorJ.i-sluMtb, Ml veiitr.il w.ill, v hiiiJ and v fore root of the spinal 
neiM’s, « -af-unt .iiniiiotie fold, / lx>d)-c>ivitv or cieloiiia, df gul-fibre layer, ao 
primitive aorl.is, '.n setond.irv aort.i, vc e.irdin.d Mins, d~ dd gnt-Kl.nul layer, 
</e gastrie groove. In l''ig. 14 ; the l.iiger part ol the riglit h;ill, in Fig 144 the l.'irgcr 
p.irt ot tlie left li.ilf, ol tlie seetion is omitted. Ot the yelk-sae or rem.iinder of the 
embryonie vesicle only a sm.ill piece ot tlie vvfill is indicated below. 


horn-plate and 

Diedulhiry tube,.force them away from 
each other, and finally join between 
thent in a seam that corresponds to 
the midcUc line of the back. The coales¬ 
cence of these fwo dorstii plate.s and 


which the vertebral column is formed 
{perkhorda. Fig. 137 C, s ; Figs. 145 
14b). 

We find in the construction of the 
ventral wall precisely the same processes 
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as in the formation of the dorsal wall yelk-sac (Fig. 105). The external n;^vel in 
(Fig. 137 B, Figjt, 144 A/>, Fig. 146 M). It the skin is the definitive point of the closing. 
IS formed on the flat^embryonic shield yf of tht*v^tral w<'yi : this is visible in the 
the amniotes from the upp^ plates the developed body a*a.saihll depression. 
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parietal zone. The right .and left 
parietal plates bend downwards 
towiirds each olher, and grow round 
the gut in the same way as the gut 
itself closes. The outer p;irl of the 
lateral plates forms the \etitral wall 
or the low'er wall of the body, tlie two 
lateral plates bending considerably 
on the innei side of the amniotic f.ild, 
and growing towards each otlu'r 
from right and left. While the ali¬ 
mentary canal is closing, the body- 
wall also closes i>n ;ill sides. Hence 
the ventral wall, which encloses the 
whole ventral cavity below, consists 
of tw’o parts, two lateral plates that 
bend towards each other. These 
approach each other all along, and 
at last meet at the navel. We ought, 
therefore, really to distinguish two 
navels, an inner and an outer one. 
'fhe internal or intestinal navel is the 
definitive point of the closing of the 
gut wall, which puts an end to the 
open communication between the 
ventral cavity and the cavity of the 
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With fhe, formation of the internal 
navel and the closinfj of the alimentary 
canal is connected the formation df two 
cavities, which we!»call #ie capital and the 
pelvic sections of the visceral cavity. As 
the embryonic shield lies flat (^1 the wall 
of the embryonic vesicle at f\rst, and only 
gradually separates froin if, its fore and 
hind ends arc independotit in the begin¬ 
ning ; ort the other hand, the middle part 
of the ventral surface is conndtted with 
the yelli-sac by mc.uis of (he vitelline or 
umbilical duct (Pig. 147 ni). This leads 
to a notable curving of the dor^aI surface ; 
the head-end bends downwards towards 
the breast and the tail-end towards the 


As a result of these processes the 
embryo attains a shape that may be com¬ 
pared to a wooden shoe, dl", better still, to 
art overturned canoe. Imagine a canoe 
or boat with' both ends rounded ' and 
a small covering before .and behind ; if 
this canoe is turned upside down, so that 
the curved keel is uppermost, we have a 
fair picture of the c,anoe-sh.aped embryo 
(P'ig. 147). The upturned convex keel 
corresponds tt) the middle line of the 
back ; the small chamber underneath the 
fore-deck represents the capital cavity, 
and the small chamber under the rear- 
deck 1 he pelvic chamber of the gut (cf. 
Fig. 140). 



Fi(?. 147.—Median loneritudlnal section of the embryo of a chick (fifth Jay of incuhation), seen from the 
riifht side (head to thy ri)fht, tail U> tho loft) Ilorsal body dark, with eonvox outline, d gut, o mouth, a anus, 
I lunf's, h liver, g mcscnlory, v auricio of the heart, k ventncli- ot the he.art, b arch of tlic arteries,_ t aorta, 
f yclk-s.-ie, m vitelline (^'elk) duet, jr allantois, r pedicle (st.alk) ot the allantois, n amnion, w amniotic cavity, 
s serous membrane, (hroni Jiaer.) 


belly. Wc see this very clearly in the 
excellent old diagnuiimatic illustration 
given by Baer (Fig. 147), a median longi¬ 
tudinal section of the embryo of the chick, 
in which the dorsal body or episom.a is 
deeply sh.adcd. The embryo seems to be 
trying to roll up, like a hedgehog protect¬ 
ing itself from its pur.suers. This pro¬ 
nounced curve of the b,ack is due to the 
more rapid growth of the convex dorsal 
surface, and is directly connected with 
the severance of the embryo fixmi the 
yclk-sac. The further bending of the 
embryo leads U> the formation of the 
“ head-cavity ” of the gut (Fig. 148, above 
/)) and a similar one .at the tail, known 
as its “ pelvic cavity.” 


The embryo now, as it were, presses 
into the outer surface of the embryonic 
vesicle with its free ends, while it 
moves away from it with its middle part. 
As a result of this ch.ange the yelk- 
sac becomes henceforth only a pouch- 
like outer appendage at the middle of 
the ventral w.all. The ventral appen¬ 
dage, growing smaller and sm.a!ler, is 
afterwards called the umbilical (navel) 
vesicle. The cavity of the yelk-sac or 
umbilical vesicle communicates with the 
corresponding visceral cavity by a wide 
opening, wliicli gradually contracts into 
a narrow and long canal, the vitellitte 
(yelk) duct (ductus viit'llinns, Fig. 147 itt)• 
Hence, if we were to imagine ourselves in 
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the cavity of the yelk-sac, we could f^et 
from it through the yclk-duct into the 
middle and still wide open part of the 
alimentary canal. If we were to go 
forward from there into the head-patt of 
the embryo, we should reach the capital 
cavity of the guti the fore-end of which is 
closed up. 

The reader will ask: “Where are 
the mouth and the anus?” These are 
not at first present in the embryt). 
The whole of the primitive gut-cavity 
is completely closed, and is- inerelv 
connected in the middle by the vitelline 
duct with the equally cK)sed cavity 
of the embryonic vesicle (Fig. 140). 
The two later apertures of the alimen¬ 
tary canal - the anus and the mouth - 
are secondary constructions, formed 
from the outer skin. In the horn-pl.ite, 
at the spot where the mouth is found 
subsequently, a pit-like . depression is 
formed, and -this grows deeper and 
deeper, pushing towards the blind fore¬ 
end of the capital cavitv ; this is the 
mouth-pit. In the same way, at the 
spot in the outer skin where the anus 
is afterwards situated a pit-shaped 
depression {ippears, grows deeper and 
deeper, and approaches the blind 
hind-end of the pelvic cavity; this is 
the anus-pit. In the end these pits 
touch with their deepest and innermost 
points the two blind ends of the primi¬ 
tive alitnenfary canal, so that they are 
now only separated from them by thin 
membranous partitions. This membrane 
finally disappears, and henceforth the 
alimentary canal opens in front at the 
mouth and in the rear by the anus 
(Figs. 141, 147). Hence at first, if we 
penetrate into these pits from without, vv'e 
find a partition cutting thepi oflT from the 
cavity of the alimentiiry canal, which 
gradually disappears. The formatit>n of 
mouth and anus is secondary in all the# 
vertebrates. 

During the important proces.ses which 
lead to the forma'tion of the navel, and of 
the intestinal wall and ventral wall, we 
find a number of other interesting 
changes taking pl'ice in the embryonic 
shield of the amniotes. These relate 
chiefly to the' prorenal ducts and the 
first blood-vessels. The prorenal (primi¬ 
tive kidney) ducts, which at first lie 
quite flat under the horn-plate or 
epiderm (Fig. 93 ung), soon back 
towards each other in consequence of 
special growth movements (Figs. 143- 


145 ««g). They depart* more and more 
from their point-of origin, and approach 
the gut-j^land layer. In the end they 
lie deep in the interior, on either side 
of the mesentery, underneath the chorda 
(Fig, 145'*' «»^). At the .stime time, 
the two pripiitive aortas change their 
position (cf. Figs. 138-145 no) ; they 
travel inwards underneath the chorda, 
and there coalc.sce at last to form a single 
secondary aorta, which is found under 



Fu.. >4«- -Lpjigitudinal section of the fore half 
of a chick-embpyo at thi- onU of the first day of tneii- 
Ivil K)il (si-fii from t he left .side), k head-pl.ltes, ch ehorda. 
.Ahove it is the blind fore-end of the ventral tube (m) ; 
below It the eapit;il cavity of the toit. d f^ut-gland 
layer, df ffiil-fibre layer, h liorn plate, hh cavity of the 
heart, hk heart-e.ipsiile, Jes head-hlie.'itli, kh head- 
eapsulc. (From Reriiuk.) 

the rudimentiiry vertebral column (Fig. 
145 no). The cardinal v'cins, the first 
venous blood-vessel.s, also back towards 
each other, and eventually unite imme¬ 
diately above the rudimentary kidneys 
(Figs, 145 VC, 152 ra7>). In the .same spot, 
at the Miner side of the fore-kidneys, we 
soon see the first’ trate of the sexual 
organs. The mo.st important part of this 
apparatus (apart from all its appendages) 
is the ovary in the female and the tdsticle 
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I'lr. Mp Longitudinal section of a huntan embryo ol tin- txurdi week, om-fitili ol on inch long, 
lai'niiiecl hlleen turns. (Kuiiii holitnann.'^ 



Pig t<jo. 


Fic3. 150. Transverse section of a human embryo 

of fourteen daj s. w;* modiinar\ tube, « h 1 borda, r w iiinbilu .il 
vein, ntyotome, n\p nxiddle plali', prtiriual dtict, Ih 
bi>dy-<*avity, #* ec'ttKierm, bh ^'entral skin, hf skin-tibre 
K'lit-fihre layer. (Prom Koilitututt ) 



biG. 151. Transverse section of a shark-embryo (or yonnfr selaehius). wr medullary tube, ch chorda* 
A aorta, d tfut, vf* pi iiietpal (tir siihiiitestiii.il) tut inyi>toiiie, pn»»t miistul.'xr jn.iss ot the provertebra, mp 

middle plate, prorcnai duet, /// body-cavity, r I'lttHleini ot the nidiinenl.'iry extrcniitus, mz nieseiKhymic 
ceMs, i. ptiiiit where tlie mi,otouie and nephrotomc sepai.Ue. Xw^ier ) 
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in the male. Both develop from a small 
part of the cell-liningf of tlie body-cavity, 
at the spot where tlic skin-fibrc layer and 
gut-fibre layer touch. The connection of 


this embryonic gland w^h the prorcHal 
ducts, which lie close to it and assume 
most important relations to it, is only 
secondary. 



Fic. - Transvep.se section of a duck-embryo with twenty-four primitive se^rments. (From 

Fiom :i di)rs.tl Ltloi.tl jtunl td' tlto moduli,ir\ tulu ( ) tin* spiit.tl ( 'A.* ^ botween it 

and llio luirn-plnto, th t.lu>rd;i, Uiuiblr .u»iMa. hv l-ivti. s/^ >rt‘ l.i>ot, with blotKl-vosscIs in 

fioolion, «7,v inusclo phito, in llii dors.il w ill ol tlu (t jusninilo) Jb-li tho <;irdin.il vom (nn’} is tho 

proreuJil duct <'7it'r/A'Bd a sctrim. nt<il provt na! 'Flu skin-tihro lav 01 tho l)iKl\-wall f is t tvntinnctl 

in the amniotic iv)Id ^ y Hifwoon iho Js»iir sot niKlarv rniinal layers and ll ' sfructuros Itirmod from ihtmi 
there is formed tmhr>onio connoLlivoinaltor with stelKito oolls iiml v.isiular sUiiol .iros(HoiIwi^^’s “mesonchym 


C11. A 1’ IKK XIV. 

s 

THE ARTICULATION OE THE BODY' 

Thk vertebrate stem, to which our race, of the atiimal kingdom. This privilege 
belongs as one of the latest and most must be accorded to it, not only because 
advanced outcomes of the natural develop- man does in point of fact soar far above 
menl of life, is rightly placed at the head all other animals, and lias been lifted to 

r The term " articiilatuiii " is. used in this i.lini)ter ti) Jciiolu both “ iCfjmentation " and “ articulation " in the 
ordinary sense. —Trans. 






THE ARTICULATION OF THE BODY 


{42 


the position of “lord of creation”; but 
aJso because tne vertebrate organism far 
surpasses all the other animal-stems in 
size, in complexity of slructure, and in the 
advanced character of its functions. From 
the ^int of view of both anatomy and 
physiology, the vertebrata stem outstrips 
all the other, or invertebrate, animals. 

Tllerc is only one among the twelve 
stems of the animal kingdom that can in 
inany respects be compared with the 
vertebrates, and reaches an equal, if not 
a greater, importance in many points. 
This is the stem of the ixrticubitcs, com¬ 
posed of three classes ; i, the annelids 
(earth-worms, leeches, and cognate forms); 
2, the Crustacea (crabs, etc.) ; 3, the 
trnchcata (spiders, insc'cts, etc.). The stem 
of the articulates is superior n<»( only to the 
vertebrates, but to all other animal-stems, 
in variety of forms, number of species, 
elaborateness ol individuals, and general 
importance in the economy of nature. 

When we have thus declared the verte¬ 
brates and the articulates to be the most 
important and most advanced of the 
twelve stems of the animal kingdom, the 
question arises whether this special posi¬ 
tion is accorded to them on the ground 
of a peculiarity of organisation that is 
common to the two. 7 'he answer is 
that this is leally the case ; it is their 
.segmental or transverse articulation, 
which we may brielly call nwiaiiirrisni. 
In all the vertebrates and articulates the 
dtweloped individual consists of a scries 
of successive members (segments or meta- 
mcra= “ parts ”); in tbe embryo the.se 
are called primitive segments or somites. 
In each pt these segments we have a 
certain group of organs reproduced in 
the same arrangement, so that we may 
regard each segment as an individual 
unity, or a special “ indi\ldual” sub¬ 
ordinated to^l^ie entire personality. 

The similarity of their .segmentation, 
and the consequent physiological advjince 
in the two stems of the vertebrates and 
articulates, has led to the assumption of a 
direct aflFmity between them, and an 
attempt to derive the former directly from 
the latter. The annelids were supposed 
to be the direct ancestors, not only of the 
Crustacea and trachcata, but also of 
the vertebrates. We shall see later 
(Chapter XX.) that this annelid theory of 
the vertebrates is entirely wrong, Efnd 
ignores the most important differences in 
the organisation of the two stems. The 
internal articulation of the vertebrates is 


just as profoundly different from the 
external metamerism of the articulates 
as are their skeletal structure, nervous 
system, vascular system, and so on. The 
articulation has been developed in a totally 
different way in the fwo stems. The un- 
articulatcd chordula (Figs. 83-86), which 
we have recognised as one of the chief 
palingcnetic embryonic forms of the ver¬ 
tebrate group, and fronj which we have 
inferred the existence of a corresponding 
ancestral form for all the vertebrates and 
tunicate.s, is quite unthinkable as the 
stem-form of the articulates. 

All articulated .animals came originally 
from unarticuKated ones. This phylo¬ 
genetic principle is as firmly established 
as the ontogenetic fact that every articu¬ 
lated animal-form devclopes from an 
unarticulated embryo. But the organisa¬ 
tion of the embryo is totally different in 
the two stems. The chordula-cmbryo of 
all the vertebrates is characterised by the 
dorsal medullary tube, the neurenteric 
canal, which pas.ses at the primitive 
mouth into the alimentary canal, and the 
axial chord.'i between the two. None of 
the articulates, either annelids or arthro¬ 
pods (Crustacea and.tnicheata), show any 
trace of this type of organisation. More¬ 
over, the devekipment of the chief systems 
of organs proceeds in the opposite way in 
the two stems. Hence the segmenta¬ 
tion mu.st have .arisen independently in 
each. This is not at all surprising ; 
we find analogous cases in the stalk- 
.articulatitJn of the higher ^slants and in 
several groups of other animal stems. 

The characteristic internal articulation 
of the vertebrates and its importance in 
the organisation of the stem are best 
seen in the study of the skeleton. Its 
chief and central part, the cartilaginous 
or bony vertebral column, affords an 
obvious instance of vertebrate meta¬ 
merism ; it consists of a series of cartila¬ 
ginous or bony pieces, which have long 
been known as vcttehr(j; (or spondyli). 
Kach vertebra is directly connected with 
a special section of the mu.scular system, 
the nervous .system, the vascular system, 
etc. Thus most of the “ animal organs ” 
take part in this vertebration. But we 
saw, when we were considering our own 
vertebrate character (in Chapter XI.), 
that the same internal articulation is also 
found in the lowest primitive vertebrates, 
the acrania, although here the whole 
skeleton consists merely of the simple 
chorda, and is hot at all articulate. 
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Heiice the articulation does not proceed 
p^marily from thp skeleton, but from the 
muscular system, > and is clearly deter¬ 
mined by the more advanced swimming- 
movements of the primitive, chordonia- 
ancestors. 


“somites” or primitive segments to 
these so-called “ primitive vertebra?.” If 
the latter name is retained at all, it 
should only be used of the sclcmtom — i,e ., 
the small part of the somites from which 
the later vertebra docs actually develop. 



Fig. 153. Fig. 154. Fi^, 15S. 

Figs. T^3-i5^‘S.-“Sole"Shaped embryonic disk of the chick, In throe surrossivo of development, 

looked at trom the dorsal surface, nia^niticd about twenty times, somewhat diagrammatic. Fig. 153 with nix 
pairs of somites. Brain a simple vtsiclc (hb). Medullary furrow still wide open fVtirn x; greatly witlencxl at x. 
wp medullary plates, sp lateral plati's,^ limit of gullet-cavity (sh) and fore-gut (vd). Fig. 154 with ten pairs of 
somites. Bram divided into three vesicles; v forobrain, m middle-brain, h hind-brain, c heart, dv vituDine^veins. 
Medulla^ furrow still wide open behind (^9/ m/k medullary plates. Ftg. 13.^ with sixteen pairs of somites. Brain 
divided into five vesicles: v fore-brnin, z intermediato-hrain. m middlc-lirain. h liind-brain, n after-brain, a optic 
vesicles, g auditory vesicles, c heart, dv vitcibnc veins, niP medullary plate, uw primitive vertebra. 


It is, therefore, wrong to describe the Articulation begins in all vertebrates at 
first rudimentary segments in the vertc- a very early embryonic stage, and this 
brate embryo as primitive vertebra; or indicates the considcrablp phylogenetic 
protavettebne; tlic fact that they have age of the process. When the chordula 
^been so called for some time has led (Figs. 83-86) has completed its charac- 
to much error and misunderstanding. , teristic composition, often even a little 
Hence we shall give the name of' earlier, we rind in the amniotes, in the 
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middle of the sole-shaped embryonic 
shield, several pairs of dark square spots, 
symmetrically distributed on both sides of 
thp chorda (Figs. 131-135). Transverse 
sections (Fig. 93 mv) show that they 



Fif.. 156. Embryo of the amphioxus, sixteen 
hours old, m-ch Irom tin- b.ii-k. (From l[nt\ihrk.) 
d primitive’ h'hI, h primiliM- mouth, / ^lol.-ii i-clls ot thv 
mi’sixliTiii, ( vu’loni-poiu hos, m llivir lirsl si'i'uuiit, 

H iiu-diiH.'irv tiilvc, t cntodiriii, f I’ctiHlvriii, .s ArsI 
wpnic'iil-rold. 

belong to the stem-zone (episoma) of the 
mesoderm, and are sep.ir.ited from tlie 
parietal zone (liyposoma) by the lateral 
folds; in section they are still 
quadrangular, almost .square, so 
that they look something like dice. 

These pairs of “cubes” of the 
mesoderm are the first traces of the 
primitive segments or somites, the 
so-called “protovertebra'” (Figs. 

*53155 "»')• 

Among t h e .mammals the em¬ 
bryos of t| M^r siipi:ils ha\e three 
pairs of (Fig. 131) after 

si.K-ty houriPand eight pairs after 
.seventy-two hours (Fig. 135). They 
develop moie slowly in the embr\o 
of the rabbit; this has three 
somites on the eighth day (Fig. 

132), .and eight somites a day later 
(Fig. 134). In the incubated heu’s 
egg the fir.st somites make their 
appearance thirty hours after in¬ 
cubation begins (Fig. 153). At the end 
of the second day the number has risen 
to sixteen or eighteen (Fig. 155). The 
articulation of the stem-zone, to which 
the somites owe Uieir origin, thus 


proceeds briskly from front to rear, new 
transverse constrictions of the “proto- 
vertebral plates ” forming,^ continuously 
and successively. The first segment, 
which is almost half-way down in the 
embryonic-shield of the amniote, is the 
foremost of all; from this first somite is 
formed the first cervical vertebra with its 
muscles and skeletal parts. It follows 
from this, firstly, that the multiplication- 
of the primitive segments proceeds back¬ 
wards from the front, with a constant 
lengthening of the hinder end of the 
body : and, secondly, that at the begin-, 
ning of segmentation nearly the whole 
of the anterior half of the .sole-.shaped 
embryonic shield of the amniote belongs 
to the later head, while the whole of the 
rest of the bod\ is formed from its hinder 
half. We are reminded that in the 
amphioxus (and in our hypothetic primi¬ 
tive vertebrate, J^igs. 98-102) nearly tliA 
whole of the fore half corresponds to the 
h.'ad, and the hind half to the truifk. 

The number of the metamera, and of 
the embrjonic .somites or primitive 
'-egments from which they develop, varies 
con*,iderably'^ in the v»?rt''bratcs, according 
;is ilie hind partia tuc body is short or is 
lengthened by ,a .ail. Jn the developed 
man the trun'.; (including the rudimentary' 
tail) consists of Uiicty-thrce metamera, the 
solid centre o'" which is formed by that 
numberof vertebne in thevertebrjil column 
(seven cervicid, twelve dorsal, five lumbar. 



Embryo of the amphioxus, twenty hours old, 
with five somites. (Hight view ; for left view see Fig. 124.) 
(From J/idsrhek.) J'Kire end, //hind end. ak, mk, ik outer, 
middle', ;ind inner germinal layers; dh filimentary canal, n 
neural tube, m canalis iiovirciitericus, ush ccelom-pouches (or 
primitive-segment cavitic.s), usj, Arst (and foremost) primitive 
see mcnl. 


five sacral, and four caudal). To these 
we must add at least nine head-vertebrae, ■ 
which originally (In all the craniota) con¬ 
stitute the skull. Thus the total number 
of the primitive segments of the human 
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body is raised vto at least forly-two; it , 
would reach forty-five to forty-eiij^ht if 
(according to recent li*vesligalions) the ' 
number of the original segments of the ' 
skull is put at twelve to fifteen. In tfie 
tailless or anthropoid apes the' number of 
metamera is much the same as in man, j 
only differing by one or two ; butitismuch ; 
larger in the long-tailed apes and most of j 
the other mammals. In long serpents 
and fishes it reaches several hundi'cd 
(sometimes 400). 


modified embryonic processes of the 
craniota. The articulation of the amphi- 
oxus begins at an early stai;e-- earlier 
than ib the craniotes. The two ccelom- 
pouches have hardly grown out of the 
primitiv'e gut (Fig. 150 <‘) when the blind 
fore part ofi-.it (farthest away from (he 
primitive month, u) begins to separate by 
a transverse fold (s): this is the first 
primitive segment. Immediately after¬ 
wards the hind part of the cadom-pouches 
begitis to divide into a series of pieces by 



Fig. 158. Fig. i,i;o. Fig. ifio 

Figs. 158 160.—Embryo of the amphioxus, twenty-four hours old, with elg^'l^taites. (From 

ftaf.ichekA Fij^s. 158^111! 15gl.1ter.1l view (from left). ifw si*c‘n from baek. In Fi(f. outlines of 

the eight primitive segments are i[idii.-,itotl, in Fig 1511 their cavities and miisctil.ir walls. f’ttiB^nd. y/hiiid end, 
d gut, du under and dd impcr wall of the gut, «<■ canalis nciiri'iitericus, )n> venlral, nd dorsal wall of the iieiirnl 
tube, np neiiroporus, dv tore pouch ot thi- gut, (h chorda, mf niesodurmic fold, pm poLif c I the mcHoderni' 
f mxj, e cctodeiin. 


In order to understand properly the real i 
nature and origin of articulation in the 
human body and th.it of the higher 
vertebrates, it is necessary to compare it 
with that of the low'er vertebrates, and 
ibear in mind always the genetic connec¬ 
tion of all the members of the stem. In 
this the simple development Of the invalu¬ 
able amphioxus once more furnishes (he 
key to the complex and cenogenetically 


new transverse folds (Fig. 157), The 
foremost of these primitive segments 
{us i) is the first and oldest; in Figs. [24 
and 157 there are already five formed. 
Tliey sep.arale .so rapidly, one behind ihp 
other, (hat eight pairs are formed wnthiii 
twenty-four hours of the beginning of 
development, .and seventeen pairs twenty- 
four hours later. The number increases 
as the embryo grows .and extends 
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biickwurds, aii'J now < oils are formed con- j upi^^pno^t to tHf^fone^hHditl of 

htanOy. (al the prlmiti\c niautli) Irom Ifie pi;imUivQj*kidaey«.^n^ii^ 'nfem th?® 
two priiniiivoinesodc^inic: celih (Figs. 159- lower to tht} segnJOptSal TUjjtoatotB^of ^ ' 
i(x)). 1 sexual glands or 

'I'liis typical articul.'ition of tlfe two | of the muscular dorsal ) 

ca-lom-sacs bogi ns \ cry early in (he lance-; remain, and determine 
let, before (hey aie yet severed from the .articulation of the vcrtelir^lte orgartlsin-’ 
primitive gut, so th.it at hrsl each ■ But the partitions of the lar^'Ventral 
segment-cavity (us) still communiiates pieces (s^onotqmcs) become tlntiner, and 
by a narrow opening with (he gut, like; afterwards dis.'ippe»ir in part, that tlioir 
an intestinal gland. Hat this opening* ca\ilies run together to fOi*ni themetaccel, 
s«>on closes by complete severance, pro- or the simple permanent body-cavity, 
ceeding regularly backwai ds. 'J'iie closed The articulatu>n proceeds in sub- 




Fio 162. 


Fios. i(>i .itiJ ii>2.—Transverse section df shark-embryos (tliroiiKh the rcj^lon of the kidneys). (From 
Wijiw and Hvrtwig.') In t'lfj. ibj tlie dorsal sojfiiunil-cavitiesfA ) are .-ilready separated from thebody-c^vity (Ih),’ 
Init they are conneeted a litlle e.irher (Fifj. nr ncur.it tulx-, rh chorda, sih suhehordal string, ao aorta, 

sk ski-letal-pl.ilc, mft nms(.Ie-t)l.ile, cp cntts-plate, u< coniieetion of latter (jfrowth-/.oije), vn primitive kidneys, 
nil prorenal duct, uk _pi oreiiai eanals, us point where they .ire ent oil, tr prorcnal funnel, middle germ-layer 
(mki^ parietal, viscer.al). //■ inner germ-layer (nijt-gl.aiid layer). 


segments then extend more, so. tb.at 
their up|x*r half giows upw.nrds like 
a Add Iietween the ectoderm (ak) and 
neural tube ( n), and file lower half 
between the ectoderm and alimentary 
canal (r/i; I^g. 82 r/, loft h.'ilf of the 
figure). Afterwards the two halves com¬ 
pletely separate, a lateral longitudinal 
fold^culting between them {mk, right half 
of Fig, 82). The dorsal segments f J 

I irovide the muscles of the trunk the whole 
ength of the body (159): this cavity afljat*- 
wards disappears. On the othef hand, 
the ventral parts give rise, from their 


stantially the same way in the other 
vcrtebr.'des, the crai^iota, starting from 
the cielom-pouches. But whereas in the , 
former case there is first a transverse 
dix ision of the ccelom-sacs (hv vertical 
folds) and then the dorso-ventral division, 
the procedure is reversed in the crartiofa; 
in their case each of the long ce|10m-,, 
pouches first divides into a dorsal 
tive segment plates) and a ventral (lateral 
plates) section by a lateral longitudtAial. 
fold. Only the former are then broken , 
into primitive segments by the subsequent 
vertical folds; while the latter (segmenfbi^'. 
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for'' a tlifitie'’ ’u^Mhe ftinphiuxus) ireqialn 
undivict^urv4,% thc'^v^^f^tyicu i»r their 
parietgtl ;afl4!yjceral- pfates, form ‘a buUy- 
cavttj^t^^.f^j|^niticdr from Tlie first. In 
this case^<Wail^it''is clear that \vc must 
refj^ard tilpw^Wrcs of the younger craniota 
as cenogenetically modified processes that 
can be traced pallngenclically to the older 
acrania. 

We haye an interesting intermediate 
stage betil^en the acrania and the fishes 
in these and many other respects in the 
cyclostoma (the hag and the lamprey, cf. 
Chapter XXI.). 

Among the fishes the selachii, or primi¬ 
tive fishes, yield the most important infor¬ 
mation on tliese and many other plnlo- 
genetic questions (Figs. it)i, it).;). Tlie 
careful studies of RucUert, V'^an VVijhe, 
H. E. Ziegler, and others, have given iis 
most valuable results. The products of 



Fiq. ih3.—Frontal (or horlzontal-Ioni^ltudinal) 
section of a trtton-embryo witli tliu-,- p.iirs oi 

primitive seg'ments. ch chord.i, ns piimilivi* sc‘)^inonts» 
ush their cavity, ak horn plate. 


the middle germinal layer are partly clear 
in these cases at the period when the 
dorsal primitive .segment cavitie.s (or 
myoccE(^, h) arc still connected with the 
ventral body-cavity (//?,• Fig. lOi). In 
Fig. 162, a somew'hat older embryo, these 
cavities are Separated. I'lic outer or 
lateral wall of the dorsal .segment \ields 
the cuti.s-plate (cp), the foundation of the 
connective coriuni. From its inner or 
median wall arc developed the muscle- 
plate {mp, the rudiment of the trunk- 
muscles) and the skeletal plate, the fornia- 
tivfe matter of the vertebral column (sk). 

In the amphibia, also, c.specially the 
water - salamander (Triton), we can 
obi^rve very clearly the articulation of 
the coelom-pouches and the rise of the 

f irimitive segments from their dorsal half 
c£ Fig. 91, A, li, C). A horizontal 
longitudinal seclion of the salamander- 
embryo (Fig. 163) shows very clearly the 


I series" of pairs of these vesicular dorsal 
.segments, which liave lx*en cut off on 
each side from the ventral side-plates, and 
lie to I,ho right and left of the chorda. 

'Fhe inetameri.sm of the'amnioles agrees 
in all essential points with that of the 



I'll. 1(1+. The third cervical vertebra (human). 

I ii.. ii.s The sixth dorsal vertebra (Imm.m). 

I 

, three lower cl.isses of vertebrates we have 
I considered ; but it varies considerably in 
■ detail, in conset|uenct; e»f ceiiogenetic 
j disturbaiuestbat aredue in the first place 
I (like tlie degeneration of llie i leloin- 
I pouches) to the large development of the 
iood-yelk. As the piessiire i>f this .seems 
to force I hi* two middle layers together 
fioin the start, and as the solid stnature 
of the mesoderm apparently belies the 
oiiginal hollow character of the sacs, tlie 
lv\ o si'ctions of the mesoderm, which are 
at (hat lime divided by tlu* lateral fold 
the dorsal segira nt-platesand ventral side- 
plates have the appearance at first of 
solid layers of cells (Figs. 94 97). And 
when the articulation of the somites 
begins in the sole-sluiped embryonic 
shield, and a couple of protovertebra; are 
developed in succession, constantly in¬ 
creasing in number towards the rear. 



I'lG. if, 6 .- The second lumbar vertebra (hum.in). 

these cube-shaped somites (formerly called 
protovertebra*, or primitive vertebra;) have 
the appearance of .solid dice, made up of 
mesodermic cells (Fig. 93). Neverthe¬ 
less, there is for a time a ventral cavity, 
or pro vertebra I cavity, evert in these solid 

G 
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'“protovenebraj 143 utvhy This divides mui two plmes, • grptv 

vesicular condition of the piMvertubra is round the chorda, and thus form the 
of the greatest phylogenetic interest ^ we, foundation of the body of the ve|te}?ra, 
must, according to the coulom theoryj (wXj. ^le upper plate presses between 
regard it as nW hereditary reproductit)n tite cliorda and the medtillary tube, the 
of the hollow dorsal soinites of the am- lower litetween the chorda af}d the 
phioxus (Figs. 150 160)* iuid (he lower aliment^uw canal (Fig. 13;^ C). As the 
vertebrates (Figs. i0i-i()3). This rudi- plates of two opposite proverfebcal 
mentary “ proven ebral cavity” has no pieces unite from the right and'left, a 
physiological significance whatever in the circular sheath is formed round this piut 
aniniote-embryo; it soon disappears, of the chorda. From this developes the 
oeing tilled up with cells of the muscular body of a vertebra -th.at is to say, the 
nliile. ^ massive lower or ventral half of the bony. 

The innermost median part of the ring, which is called the “ vertebra’’ 



Fit:. 167.— Head of a shark embryo (pnstinftts), une-thirJ of an inch lon^, magnified twenty times. 
(From Parher.) Seen from the ventral side. 


primitive segment p]ft,les, which lies 
immediately on the chorda (Fig. 145 ch) 
and the medullary lube (m), forms the 
vertebra! column in all the higher verte¬ 
brates (it is wanting in the lowe.st); hence 
it may be called the skeleton plate. In 
each of the provertebraj it is called the 
“sclerotome” (in opposition to the out¬ 
lying muscular plate, the “myotome”), 
broin the phylogenetic point of view the 
myotomes are much older than the 
sclerotomes. The low'er or ventral part 
of each sclerotome (the inner and lower 
edge of the. cube-shaped provertebra) 


proper and .surrounds the medullar)' tube 
(Fig.s. 164 lOh). The upper or dorsal 
Jialf of ihis bony ring, the vertebral arch 
(Fig. 145 zt0), arises in just the same way 
from the upper part of the skeletal plate, 
and therefore from the inner and upper 
edge of the cube-shaped primitive verte¬ 
bra. As the upper edges of two opposing 
somites grow together over the medullary 
tube from right and left, the vertebral 
.arch becomes closed. 

The whole of the secondary vertebra, 
wliich i.s thus formed from the union of the 
skeletal plates of two provcrtebral pieces 





me. AKtt^ui.,Anuis c«r me. tsuut 


^ and^closes a part of the chorda id its 
, hody,\tpnsists at first of^ a rather soft 
' '^ raaSs of cells ; this afterwards>ps£sses Intg 
a fitmer, cartilaginous stage, and ^finally 
inld a^hird, permanent, bony stage. 
These tnree stages can generally be dis- 
tingifished in the greater part of the 
skdctbn of the* higher vertebrates ;' at 
firtt raost parts of the skeleton are soft, 
tender, and membranous; they then 
bwx)me cartilaginous in the course of 
their development, and finally bony. 

At the head part of the embryo in the 
amniotes there is not generally a cleavage 
of the middle germinal layer into pro- 
vcrtebraland lateral plates, but the dorsal 
and ventral somites are blended from-the 
prst, and form what are called the “ hesid- 
plutes” (Fig. 148 k). From these are 



Fit. 

Figs. 16S .mJ i(k).- Head of a chick embryo, of 
the third day. Fij-. 168 froiii llu' i'nmt, Fi|^ i(i<> friuii 
the rig^ht. « nidimc-iil.iry nose (idhioloryr pit), / rudi¬ 
mentary (optic pit, lfiis-c.\vily), g rudimentary ear 
(aaditory pit), v fore-lirain, gl ejiscleft. Ot the thri'c 
pairM of gill-arcties the first li.is passed into a priX'ess 
of the upper jaw (oj mid ol tlie tower jaw fu/ (From 
KoUiker .) 

formed the .skull, the bony case of the 
brain, and the muscles and corium of the 
body. The skull dcvelopes in the same 
way as the membranous vertebral column. 
The right and left halves of the head 
curve over the cerebral vesicle, enclose 
the foremost part of the chorda below, 
and thus finally form a simple, soft, 
membranous capsule about the brain. 
This ife afterwards converted into a cartila¬ 
ginous primitive skull, such as wp find 
permanently in many of the fishes. Much 
later this cartilaginous skull becomes the 
permanent bony skull with its various 
parts. The bony skull in man and all the 
other amniotes is more highly differen¬ 
tiated and modified than that of the lower 
vertebrates, the amphibia and fishes. 
But as the one has arisen phylogene- 
ticaJly from the other, we must assume 


M9 

that in tlie former no less than the latter 
the skull was originally formed from the 
sclerotomes of a number of (at least nine) 
head-somites. « 

While the articulation of the vertebrate 
body is always obvious in the episoma 
or dorsal body, and is cle.'irly expressed 
in the segmentation of the mu.scular 
plates and verfebne, it is more latent in 
the hyposoma or ventral body. Neverthe¬ 
less, the hyposoniites of the vegetal half 
of tile body are not less important than 
the episomites of the animal llhlf. The. 
.segmentation in the ventral cavity affects 
the following principal systems of organs : 

1, the gonads or .se.\-glands (gonotomes); 

2, the nyphridia or kidneys (nephro- 



Fio. 170.—Head of a dog embryo, Hcm from thu 
front, a tlie two lateral halves of the lorcinost cerebral 
Vehicle, b rudimentary eye. r middle cerebr.al vesicle, 
de lirsl pair ot f^ill-arclies (/• upper-jaw priicess, d lower- 
jaw process). J, /', J" second, third, and lourth pairs 
o' gill-arehes, g h 1 k heart (i' right, h left auricle; 

/ lelt, k right ventricle), I origin of tlie aorta with three 
pairs ot arches, whicli go to the gill-archca. (From 
liiS( huff.) 

t(imes); and 3, the head-gut with its 
gill-cIcfts (br.'inchiotomes). 

7'Jic metamerism of the hyposoma is 
less conspicuous* becau.se m all the 
craniotes the cavities of the ventral seg¬ 
ments, in the walls of which the .se.xual 
products are developed, have long since 
coalesced, and funned ii single large body- 
cavity, owing to the disappearance of ,thc 
partition. This cenogenetic process is so 
old that the cavity seems to be unseg¬ 
mented from the first in all the craniotes, 
and the rudiment of the gonads also is 
almost always unsegmented. It is the 
more interesting to learn that, according 
to the important discove^ of Riickert, 
this sexual structure is at first segmental 
even in the actual seJachii, ard the several 
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gonotomes only htenU into a nimplo sexual cavities, formed from the hyposomites 
gland on either side secondaril). of the trunk. 

Amphioxus, the sole .surxiving repre- ‘The gonad.s are the most important 
sentative of the acrania, once more yields segmental organs of-thc hyposoma, in the 
iis most interesting information ; in this sense that they are phylogenetically the 
case the sexual glands remain segmented oldest. VVe find sexual glands (as pouch- 


KiiJinifnt of t'flr 
(l.'diyrintliii; vlmJi”)) 
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Tivi-ntlclli spin.ll iiiTVf 

T'u,. 171 -Human embryo of the fourth week (iwi-nly-six days old), onf-fourth of an Inch in length 
magnified tweiitv times. (From Mu// ) 1 hi rudimeiits of the ivrebial heries and the roots of the spinal nerves 
.iri- i-.specially marked Uiidi-rneatli the fi'ur gill-.-irehes (left side) is the heart (with auricle, I', and ventricle, JC), 
under this again the lii er ( L), 


throughout life. The sexually mature i 
lancelet has, on the right and left of the j 
gut, a seritte of metamerous sacs, which ! 
are tilled with ova in the female and 
sperm in the male. These segmental 
gonads are originally nothing else titan 
the real gonotomes, separate body¬ 


like appendages of the gastro-canal 
system) in most of the lower animals^ 
even in the meduste, etc., which have no 
kidne3 s. The latter. appear first (as a 
pair of excretory tubes) in the platodes 
(turbellaria), anef' have probably been 
inherited from these by the articulates 
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(annelids) on the one hand and the 
unarticulaled prochordonia on the other, 
and from these passed to the articulated 
vertebrates. The .oldest form of the 
kidney system in this stem ’are the sc}'- 
mental pronephridi.i or prorenal canals, 
in the same arranefcmiijnt as lioveri foutid 
them in the amphioxiis. They are small 
canals that lie in the frontal plane, on 
each side of the chorda, between the 
episoma and hyposoma loj/;); their 

internal fiinnel-sha|'», J openiiif^ le.ids into 
the \arious bod\-ca\ ities, their i>nler 
opeiiiiifr is (he lateral furron of the 
epidermis, tlrif^in.'illy they must have 
h^d a double function, (lie carrvini^ jiw.iv 
of the urine fioni the episoinites .aid the 
release ol the sexual lelU from the h) po- 
soiiiites. 

The recent investiijations of Ruckerl 
and Van VVijhe on the nie^oderniic -serj- 
meiits of the ti link ,nid the excretorj 
system of the sefachii show that these 
“primitive fishes ” are closelv related to 
the amphio.xiis in this further respect. 
The transverse section of theshark-embrvo 
in Kit;, itu shows this veiy clearly. 

In other higher vertebrate's, also, the 
kidnevs develop (though very dilTerenlly 
formed later on) from similai structures, 
which have been secondanl\ derived from 
the sej^meiital pronephridia of the acrani.i. 
The parts of the mesoderm at which the 
first traces of them are loiind are usually 
called the middle or mesenteric plates. 
As the first traces of the f^onads make 
their appearance in the lininj; of these 
middle pl.ites nearer inward (or tlic 
middle^ from the inner funnels of the 
liephro-canals, it is hetti-r to count this 
part of the mesoderm with the hyposoma. 

The chief and oldest ori;an of the verte¬ 
brate hyposoma, the alimentary canal, is 
jjencrally described as an unsef^mented 
orj;an. But we could just as well say 
that it is the oldest of all the sej;inenled 
orj^ans of the vertebrate ; the double row 
of the coelom-pouches j^^rows out of the 
dorsal wall of thej^ut, on either side of the 
chorda. In the brief period during which 
these segmental ctelom-poucdies are still 
openly connected with the gut, they look 
just like a double chain of segmented 
visceral glands. Hut apart from this, we 
have originally in all vertebrates an 
important articulation of the fore-gut, 
that is wanting in the lower gut, the 
segmentation of tlie l^anchial (gill) gut. 

The gill-clefts, whicn originally in the 

older acrania pierced the wall of ihe fore- 


, gut, and the gill-arches that separated 
them, were presumably also segmental, 
and distributed among the various meta- 
mera of the chain, like the gonads in the 
afler-gul and the nephridia. In the 
amphioxus, loo, they arc still segmcntally 
fi'rmedt Probablv there was .i division 
of labour of the hyposomites in the older 
(and long^ extinct) acrani.'i, in such wise 
that tho.se of the fore-gtlt took over the 
function of breathing and those of Ihe 
after-gilt 4iiat of repi oduction. The former 
developed into gill-pouches, (he latter into 



I'll, 17J1 Transverse section of the shoulder 

' .mil loii-liml) .1 iliii li-t'inl>ni> of (lir fourth 

il.il. iri;i(^nilii-il .ihoul tivi-titv limi'S. Iti'siili'Ihu iiiejul- 
l.'iry UiIk- wc I'.m sof on t'lu’fi '.iiit tliruo iliMi sliv.'iks in 
ihc il.irk ili)r,.:il w.iU, which .'iilvunci into the nidinien- 
t.ir^ lorc-lmib or win(^ (r). Tin inj|nTim>sl of (hi;ni is 
11 iL‘ iniiscntir plfitc; thi* innklli is the Inml .'inii the 
lowi'st the fore root of :i s|>iii,il nerve. UiiJi-r the 
ilionla III the iniilJle is Ihe single aorta, nl e:ich 
siile of it ;i c.irdiiial vein, and below these the primitive 
kidne\s. The is alinosi closed. The ventral w.'iil 
.idi.inces into the aiiinion, whiili encloses, the embryo. 
(Kioin Rrntait.) 

sex - pouches. There may have been 
piimilivc kidneys in both. Though the 

I gills have lost their function in the higher 
animals, certain parts of them have been 
generally maintained in the embryo by a 
tenacious heredity. At a very early stage 
we notice fit the embryo of man and the 
other amniotes, at each .side of the 
head, the remarkable and important 
structures which we call the gill-arches 
and gill-clefts (Kigs. ihy 170 /). They 
belong to the characteristic and inalien¬ 
able organs of the anmiole-embryo, 
and are found always in the same 
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spot and with the same arniiif^ement 
and structure. There arc formed to the 
rijfht a»d left in the lateral wall of 
the fore-put cavity, in its foremost part, 
first a pair and then several pairs of sac- 
shaped inlets, that pierce the whole thick¬ 
ness of the lateral wall of the headt They 
are thus converted into clefts, throupfi 
which one can penetrate freely from with¬ 
out into the pullet. The w.ill thickens 
between these branchial folds, and chanpes 
into an arch-like or sii kle-shaptd piece 
the pill, or pullet-arch. In this (lie 
muscles and skeletal parts of the branchial 


put sepiirate ; a blood-vessel arch rises 
afterwards on their inner side (Fip. 98 ka). 
The number of the branchial arches and 
the clefts that .alternate with them is four 
or live on each side in the hipher verte¬ 
brates (Fip. 170 In some of 

the fishes (selachii) and in the C3 clostoma 
we find six or seven of them permanently. 

These remarkable structures had oripi- 
nally the function of respiratory orpans- 
pills. In the fishes the water that serves 
ibr bre.fithinp, and is taken in at the mouth, 
still alwav’s passes out by the br.anchial 
clefts,,^t the sides of the gullet. In the 


hipher vertebrate.s they afterwards dis¬ 
appear. The branchial arches are con¬ 
verted partly into the jaws, partly into 
the bones of the tonpue and the ear. 
From the first pill-cleft is formed the 
tympanic cavity of the car. 

There are few parts of the vertebrate 
orpanism that, like the outer coverinp dr 
intepument of the body, are not subject to 
metamerism. The outer skin (epUiermis) 
is unsepmented from the first, and pro¬ 
ceeds from the continuous horny plate. 
Moreover, the undcrlyinp cutis is al.so not 
met.imeroiis, althouph it developes from 
the sepmenlal structure of the 
tutis-plates (Fips. 161, 162 cp). 
The vertebrates are strikinply 
and pri>foundIy different from the 
arlicLilates in these respects also. 

b'urllier, most of the verte¬ 
brates still liavc a number of un- 
arliculaled orp.'ins, wliich have 
.'iiihen kvalh', by adaptation of 
particular parts of the body to 
certain sped.il functions. Of this 
cli.'iracter are the sense-orpans in 
the episoma, and tlie limbs, the 
heart, the spleen, and the larpe 
visceral plands lunps, liver, 
pancreas, etc. in the hyposoma. 
The heart is oripinally only a 
loc.il spindle-shaped eiilarpement 
of the larpe ventral blood-ve.ssel 
or principal vein, at the point 
where the subintestinal p£isscs 
into the branchial artery, at the 
limit of the head and trunk (Fips. 
170, 171). The three hipher sense- 
t)rpans nose, eye, and eajif—were 
origin.-illv developed in the same 
form in all the craniotes, as three 
pairs of small depressions in the 
skin at the side of the head. 

'J'he orpan of smell, the nose, 
has the appearance of a pair 
of small pits above the mouth- 
aperture, in front of the head (Fig. 

169 v). The orpan of sipht, the eye, 
is found at the side of the head, also 
in the shape of .a depression (Figs. 169 /, 

170 li), to which corresportds a large out¬ 

growth of the foremost cerebral vesicle 
on each side. Farther behind, at each 
side of the head, there is a third depres¬ 
sion, the first trace of theorgan of hearing 
(Fip. if>9,^). .A.s yet we can see nothing 
of the later elaborate structure of these 
organs, nor of the characteristic build of 
the face. , 

When the human embryo has reached 



Fio. 173.- Transverse section of the pelvic region .mil 

hind Ic-p-, i>l a »-hick-cmhrjo iif thi' lotirlh iIjiV, nia}fiiifii-d 
forty ihnoM, h liorn-pl.-ilc.'sc niedull^e-y (iiIh-. n can:il of the tiibr, 
11 primitive kidneys, r ehord.i, r hind lours, /i allantoic c.inal in the 
ventral wall, t aort.'l, »' raidinal veins, a jjiit, li {fiit-^land layer, 
y giit-filire layer, ^r- ‘inbryonic epitlieliiiiti, r-dorsal muscles, r biuly' 
c.ivity or cosloma. (From Wuldtyft.) 
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, this stage of development, it can still 
scarcely be distinguished from that of 
any other higher vertebrate. All the 
chief p:irts of the body are now laid 
down: the head with the primitive 
skull, the rudiments of the three higher 
sense-organs and the five cerebral vesicles, 
and the gill-arches .and clefts ; the trunk 


significance. Fioni it we c.m gather the 
most import.int phylogenetic conclusions. 

There is still iu> trace of the limbs. 
Although head and trunk are separated 
and all the principal internal organs are 
Laid down, there is no indication \vhate\er 
of the ‘‘extremities ” at this stage; they 
are formed later on. Here again we 



-FlO. 174.— Development of the lizard's legs CLacerta ambs), with special retation to their bl«xid-Vfjt)tj 8 . 
r. 7. S, ?. y. n nght torc-lcg ; 13, 15 left foa-lc,; ; s, 4, 6, 8, to, ti ri(iht liinU-li B ; 14, 16 left hind-lftf ; SRV lateral 
veinn of the trunk, Vb -imbilical vein. (From F. Hochstetter.) 


with the spinal cord, the rudiment of the 
vertebral column, the chain of metamera, 
the heart and chief blood-vessels, and the 
kidneys. At this stage man is a higher 
vertebrate, but shows no essential morpho¬ 
logical difference from the embryos of the 
mammals, the birds, the reptiles, etc. 
This is an ontogenetic fact of the utmost 


have a fact of the utmost Interest. It 
proves that the older vertebrates had no 
feet, as we find to be the cjise in the lowest 
living vertebrates (amphioxus and the 
cyclostoma). The descendants of these 
ancient footless vertebrates only acquired 
extremities—tw-o fore-legs and two hind- 
legs— atumuch later stage of developm'fUU 
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These were at first all alike, tliouj^li 
they atlerwjirds vary considerably in 
structure—becoming tins (of breast and 
belly) in the lishes, ulnj^s and le^s in the 
birds, fore and hind leys in the creepiny 


which represent at first simple roundish 
knobs or plates. Gradually each of these 
plates becomes a large projection, in 
which we can distinguish a sjiiall inner 
part and a broader outer part. The latter 



Pin. 175.—Human embryo, five weeks old, half an iadi long, seen from tlie tight, m.-ignificd ten limes. 
(From Riissef Jianirm and Jlannon /j^vis.) In the undissected head we sei- the eye, mitiilh, and ear. In the 
trunk tlic skin and p.art of the muscles have been removed, so that the Cartilaginous vertebial column is free; 
the dorsiil roe>t Ol .’i spin.il nerve goes out trom each vertebra (towards the_ skin of the baek). In the middle of 
the lower h:ilf of the figure p;irt ot the ribs and intercostal muscles are visible. The skin Ad muscles have also 
^■n removed from the right limhs ; the internal rudiments of the five fingers of the han^ and five toes of the 
foot, arc clearlj siHiii within the fin-shaped pl.ite, and also the strong network of nerves that goes from the spinal 
cord to the cxtivniitius. The tail prt>ici.ts under the foot, and to ^ right of it is tlie first part of the umbilical 
cord. 


aninuil.s, arms and log.s in ihc apes and 
man. All these parts develop from the 
same simple original structure, which 
forms secondarily fro^ the trunk-wall 
(Figs. 172, 17^). They have always the 
appearance ol two pairs of small buds, 


is the rudiment of the foot or hand, the 
former that of the leg or arm. The 
.similarity of the original rudiment of the 
limbs in different grpups of vertebrates is 
very striking. 

How the five fingers or toes with their 
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Wood - vessels gradually differentiate 
within the simple fin-like structure of the 
limbs can be seen in the instance of the 
lizard in Fig. 174. They are formed in 
just the same way in man : in the human 
embryo of five weeks the five fingers can 
clearly be distinguished within the tin¬ 
plate (Fig. 175). 

The careful study and comparison of 


ok t 



Fio. 177. 

human embryos with those of other 
vertebrates at this stage of development 
is- very instructive, and reveals more 
mj’stcries to the impartial student than 
all the religions in the world pul together. 
For instance, if we compare attentively 
the three successive stages of develop¬ 
ment that are represented, in ’twenty 
different amniotes we find a remarkable 
likeness. When we see that as a fact 


twenty different amniotes of such diver¬ 
gent characters develop from the same 
embryonic form, we -can easily under¬ 
stand that they may all descend from a 
common ancestor. 

In the first stage of development, in 
which the head with the five cerebral 
vesicles is already clearly indicated, but 
there are no limbs, the embryos of all the 
vertebrates, from the fish toman, are only 
incidentally or not at all different from 
each other. In the second stage, which 
shows the limbs, we begin to sec dif¬ 
ferences between the embryos of the lower 
and higher vertebrates ; but the human 



Fio. 17S. 

Fiiis. i76-«. -Embryos of the bat (Ves^rtuio 

murmus) al thrcci UifFm-nt staf^ofi. (From Oxcar 
SLftuUzf‘.) Fi>f. 176 ; Rudimentary limbit (u fore-Ie(f, 
h hliid-li't'). I lentil ular dcprciision, r olfattory pit. 
nk upper law, xtk lower jaw, k>i, ka, iirnt, second, 
and third f'lll-anhvs, ai amnion, n umbilical vessel, 
d yelk-s.u. i'’i(r. 177; Rudiment of flyinv membrane 
meinhraniuis fold bi-tween fore and bind leg. w um- 
Wilaal vessel, a earaipening, f flying membrane. Fig. 
178: The flying membrane developed and streteheJ 
across the fingers of the h.inds, which cover the face. 

embryo is still’ hardly distinguishable 
from that of the higher mammals. In 
the third stage, in which the gilJ-tirches 
have di.sappcared and the face is formed, 
the differences become more pronounced. 
These arc facts of a significance that 
[ cannot be exaggerated.' 

' Itecaiisc they show how the most diveme structurcli. 
in.i\ bedcvclopcd from a common form. As we actually 
see this in the case ol the elmbryos. we liave a right to 
.Tssumc it in th.at of the’stcin-forms. Neverthcleiis, thia 
reseintilancc, however great, is never a real identity. 
I'Aen the embryos of the different individuals of one 
speeiis are usu<dly no^eally identical. If the reader 
can consult the compiMe edition of this work at a 
library, he will find six plates illustrating these twenty 
embryos, ' ' 
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* If tFere is an intimate causal connection 
between the processes of embryoloj^^and 
stem-history, as we must assume in virtue 
of the laws of heredity, several important 
pliylofj^enetic conclusnms follow at once 
from these ontotfcneti<- faits. The pro¬ 
found and remarkable similarity in the 
embryonic devek)pment of man and the 


other vertebrwtes can only be explained 
when we admit their descent from a 
common ancestor. As a fact, this 
common descent is now accepted by all 
competent scientists; they have sub¬ 
stituted the natural evolution for . tlie 
supernatural creation of organisms'. 




Chaptkk XV. 

■r 

FCETAL MEMBRANES AND CIRCULATION 

Amon<5 the rhany interesting phenomena tlie other viviparous mammals. As a 
‘that we have encountered in the course of fact, all the embryonic peculiarities that 
human embryolog}-, there is an especial distinguish the mammals from other 



Fir. 17Q.- Human embryos fk^m, the second to the fifteenth week, natural size, seen from the left, 
the curved buck turned toviardi. the rifrht. (Mosliv trom Ecker) II. of fourteen da%s. III. of three weeks. 
IV. ot lour wtvks. V. of five weeks. VI. of six wevUts. VII. of seven weeks. VIII. of eight weeks. XII. ol 
twelve weeks. XV. of fifteen weeks. 


A '? 

Importance in the fact that the develop¬ 
ment of the human body follows from the 
bei>innmg just the same lines as that of 


anitnafs are found also in mim 5 even the 
ovum with its distinctive membrane (jpo#»a 
peRuetda, Fig. 14)1 shows the same typictlil 
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structure in all nfiammais the 

, older oviparous inonotreinvs). It has 
long since been deduced from the structure 
of the developed man that his natural 
place in the animal kingdom is among 
the mammals. Limu 5 (1735) placed him 
in tlys class with the apes,'in one and (he 
same order (primates), in his Systema 
Natune. This position is fully confirmed 
by epmp^truti^' embryology. We see 
that man entirely resembles the higher 
mammals, and nfiost of all the apes, in 
embryonic development as well as in 
anatomic structure. And if we seek to 
understand this ontogenetic 
agreement in the light of the. 
biogenetic law, we find that it 
proves clearly and necessartU' 
the descent of man from .1 
series of other mammals, and 
proximately from the primates. 

The common origin of man 
and the other mammals from a 
single ancient stem-form lan 
no longer be questioned ; nor 
can the immediate blood-rel.i- 
tionship of man and the ape. 

The essential agreement in 
the whole bodily form .uul 
inner structure is still visible in 
the t'mbryo of man and the 
other mammals at the late 
stage of development at wliich 
the mammal-body can be revog- 
nised as such. Hut at a some¬ 
what earlier stage, in which 
the limbs, gill-arches, sense- 
organs, etc., arc already out¬ 
lined, we cannot yet recognise 
the mammal embryos as such, 
or distinguish them from tho.se 
of birds and reptiles. When 
,we consider still e.arlier .stages 
of development, we are unable to 
discover any essential diflerence 
in bodily structure between the embryos of 
these higher \ertebrates and those of the 
Slower, the amphibia and fislies. 1 f, in fmcj 
We go back to the construction of the Ixidy 
oat of the four germinal layers, we are 
astonished to perceive that these four 
layers are the .same in all vertebrates, and* 
everywHfere take a .similar part in tlr 
building-up of the fundamental organs of 
the body. If we inquire as to the origin 
of these tour secondary layers, we learn 
.that they^ always ari.se in the same way 
from*. the t^o primary Jayers; and the 
"litidter same tsignihcance .in all 

_tibe met^oa all ttMlinals except the 


iiniccllulars). finally, we see that the 
cells*which make up (he primary ger¬ 
minal layers owe iheir origin in every 
ca.se to the repeated clciivage of a single 
simple cell, the .stem-cell or fertilised 
o\ um. 

It is impossible to lay (tK) much stre.s.s 
on this remarkable .•igreement in the chief 
embryonic features in man jjiid the other 
animals. We shall make use of it later 
on for our monoph^letic theory of descent 

the hypothesi.s of a ct)mmon de.scent of 
man anil all the meta/oa from the gastra'ii. 
Tile lirst rudiments of the principal parts 



- /i 


hs 


Fii.. iSn. -Very young human embryo of the fourth week, 
e-foiirth of <in inch lotig (taken frnni the wonih ot a HuiciiJc eiglil 
hours alter dr.-ith). (^'r(>m Kabl.) n nuNal pits, a evu, « lower jaw, 
z arch ot hyoul bone, and third and fourth gill-arch, k heart, 
primitive hixmoiiti,, ry hirc-hinb (arm), //^hind-linib (lf|'), between 
the two the wntr.'d pedicle. 


of the body, especially the oldest organ, 
the alimentary canal, are the .same ever)'- 
where,; they have always the same 
extrqjnely simple form. All tlie pecu¬ 
liarities that distinguish the various 
groups of animals from each other only 
appear gradually in the course of 
embryonic development ; and the closer 
the, relation of the various groups, the* 
later they are found. We may formulate 
this phenomenon in a definite law*, which 
may in a sense be regarded as an a Ap end^ 
to our biogenetic, law. This is thflaw of 
the ont^enetic j^oiuiection of 
animal jorms. |t rubs ; The closer l 3 te 
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relation of two fulIv-clL'Vflopccl animals in 
respect of their wlu»lt‘ bodily structure, 
and the nearer they are (ounected in tlie 
classification of the animal kinj^doni, the 
Jong^er do their einbiaonie fumis retain 
their identity, and the lon^a'r is it impos¬ 
sible (or onl\ possibli- on liu“ round 
of sLibordinaie leatures) to di^tin^uisli 
between tlieir emln vos. riiis law apjtlies 
to all animals whose embr\onic de\elop- 
ment is, in tin- main, an hereditary 
summary of their ancestral hislor\, or in 
wliich the orif^inal foi m ol de\elopment 
has been failhfidly presei ved by heiedity. 
When, on tlu' other hand, 
altered by ceno^eiiesis, or 


il 1 ms been 
disturbance 



sh 


Fio. i8i.—Human embryo of the middle of the fifth week, 

ont'-thirJ of an iiuh ) Letters as in Fiy 180, 

except sk eune of skull, ok upp.ei jnu, hh ncvk-indentalion. 


of development, we find a limitation of 
the law, which increases in proportion to 
the introduction of new features by adap¬ 
tation (cf. Chapter 1.. pp. 4 (>). Thus 
the apparent exceptions to the law tan 
always be traced to cejn.)}^enesis. 

When we apply to man this law of the 
ontojjenetic connection of related forms, 
and run rapidly over the earliest staj^es 
of human development with an eye to 
it, we notice first of all the structural 
identity of the ovum in man and the 
other mammals at the very hefjfinning 
(Figs. I, 14^. Tile human ovum possesses 
all the distinctive features of the ovum of 
the viviparous n\ammals, especially the 


characteristic fi^rmdtion of its membrane 
(::ona pclhicidaJ, which clearly distin¬ 
guishes it from the ovum of all ether 
animals. When the human foetus has 
attained the age of fourteen da^'s, it forms 
.'I round vesicle (or “embryonic vesicle”) 
about a quarter of an inch in diameter. 
A thicker part of its border forms a simple 
sole-shaped embrvonic shield one-lwelfth 
of an iiuh long (l*ig. I33).* On its dorsal 
side we iind in the middle liite the straight 
medullary furrow, bordered by the two 
parallel dorsal or medullary swellings. 
Ikhind, it passes by the neurenleric canal 
into tlie primilixe gut or primitive groove. 
From this the folding of the two coelom- 
pouches proceeds in the same 
way as in the other mammals 
(cf. Figs. ()(), 97). In the middle 
of the sole-shaped embryonic 
shield tlie first primitixe segments 
immediately begin to make their 
appearance. At til is age the 
human embryo cannot be dis- 
tinguislied from that of other 
mammals, such as the hare or 
dog. 

.\ xxwek later (or after the 
txventy-lirst da)) (he human em¬ 
bryo li.is doubled its length ; it 
is noxv .ihout one-fifth of an inch 
long, and, xvheii seen from tbe 
side, shoxvs tlie characteristic 
bend of the back, the sxvciling of 
the liead-end, the first outline of 
the three higher sen.se-01 gans, 
and (he rudiments of the gill- 
clefts, xxdiich pierce tlie sides of 
the neck (big. 179, 111.). The 
allantois has groxvn out of the 
gut behind. The embryo is 
already entirely enclosed in the 
amnion, and is only connected in 
(he middle of the belly by the 
vitelline duct xvith tlie embryonic x’eslcle, 
xvhich change.s into the yelk-sac. There 
are no extremities or limbs ;it this stage, 
no trace of arms or legs. The head-end 
has been strongly dilTereiiti.'ited from the 
tail-end ; and the first outlines of the 
cerebral vesicles in froiit, and the hcflrt 
below, under the fore-arm, are already 
more or less clearly seen. There *s as yet 
no real face. Moreover, xx^e seek in vain 
at this stage a special character that may 
distingiiisli the human embryo from that 
of other niauinials. 

A xx’eck later (after tlie fourth week, on 
the txvciity-eiijhth to thirtieth day of 
development) the liuinan embryo has 


- 
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reached a length of aboutone-third of an head hends over tho trunk, almost at a 
inch ,(Fig.* 179, IV.). VVe can now clearly . right angle. The latter is still connected 
distinguish the head with its various in the middle of its \'entr;il siile with llie 
parts ; inside it the live primitive cerebral embr\'onic'\vsicIe ; l'*ut llie embrio h.is 
vesicles (fore-brain, middle-brain, inter- still further severed itself from it, so that 
mediate - brain, hind-brain, and after- . it already hangs tuit as the yelk-sac. The 
brain); under the head the gill-arclies, hind part of the body is also \ery much 
which divide the gill-cletls ; ,11 tlie. siJes curved, so that the piiinted tail-end is 
of the head the rudiments of lhee\es, .1 directed tmvards the head. The head 
couple of pits in the outer skin, with a ■ ami face-part are sunk entirely i>n the 



Fra. 18a.—Median lonetltudinal section of the tail of a human embryo, two-thirds of an inch 
ienflT, (From Ross Gramnlle Hat^son.) Meil tuh<‘. ttijd c'.iiul.ii lil.imcnt, r/ii duirtl.'i, an c'.iiiital 

artery, V.c.i. caudal vein, an anus, .S'.H^e uroi^euitalis. 

pair of corresponding simple vesicles still open breast. 'I'he bend soon increases 
growing out of the lateral wall of the so much that the tail almost touches tho 
foro-brain (Figs. 180, 181 fl). Far behind forehead (Fig. 179, V.; Fig. i8i). We 
the eyes, over the last gill-arches, we .see may then distinguish three or four special 
the vesicular rudiment of the ahscultory curves on the round dorsal surface— 
organ. The rudimentary limbs arc now namely, a skull-curve in the region of the 
clearly outlined—four simple buds of the second cerebral vesicle, a necK-curve at 
shape of round plates, a pair of fore (vg) j the beginning of the spinal cord, and a 
and a pair of hind leg.s f the former tail-curv^e at the fore-end. Thi.s pro-' 
^ little larger than the latter. The large nounced curve is only shared by man and 
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the hif^her cla.ssi;s of vertebrates (the 
^ amniotes);, it is * much sli^-hler, or not 
found at all, in, l^hp lower vertebrates. At 
this age (four weeks) nuin has a con- 
■'siderable tall, twice as long as his legs. 
A vertical longiltidiiial section through 
the middle plane of this tail (Fig. 182) 
shows that the hinder end of the spinal 
marrow extends to the point of the tail, 



i 


Fifl. ina.-'Human embryo, four weeks old, 

opv'in-J oil tho MMitral siili- Ventral and dorhiJ 
ape cut away, so as to show tlie contents oi the i>ec!toral 
and abdominal cavities. All the append,Tges are^so 
removed (amnion, allantois, jcllt-s.aA, and the iniodlc 
part of the jfiit. n e>o. 3 nose, 4 upper jaw, S lower 
jaw, 6 second, (>" third i;ill-areb. m' he.art (o rijfht, 
a’ left auricle : v riuht. 7/ loft \entricle). b origin of the 
aorta,/" liver (« umbilical vein), e gut (witbr'Vjtellme 
artery, cut off at «'), vitelline rein, m |iiriinlti«e 
kidneys, t rudiificnUirj sexual glands, r terminal gut 
(cut off at the mesentery a), ti umbilical arUTv_ 
u umbilical vein, 9 fore-Icg, 9' liinJ-leg. (From Cos/r.^ 

as also docs the underlying chorda ^cfi), 
the terminal continuation of the vertebral 
column. Of the latter, the rudiments of 
the seven coccygeal (or lowest) vertebrie 
are visible-thirty-two indicates the third 
and thirty-six tlie seventh of these. Under 
the vertebral column we sec the hindmost 
ends of the two large blood-vessels of the 
tail, the prirtcipal artery ( aoita caudalis 


or atlerki sac^mlis nwdm^ Ao), and the 
principal vein (vena caudalis or sacruJis 
media). U nderneath is the opening of 
the anus (an) and the urogenital sinus 
(From this anatomic structure 
of the human tail it is perfectly clear that 





Fig. i8t—Humen embryo, five weeks old, 
opt'nc:|^rcM tlic vcnt'al side (.is m Fig. 183). Breast 
and l 3 «lly-wall and liver are removed. ,? outer nasal 
process, 4 upper Jaw, j lower ji^vv, a tongue, right, 
7’' Irtt ventricle of hc.irt, o' left auricle, b origin of 
aorta, h', h", b'" first, second, and third aorta-ardies, 
r, r'. c" vena cava, nr lungs {y pulmonary_ artery), 
e stomach, m primitive kidiu'vs {j Joft vitelline vein/ 
.V cystic vein, a right vitelline arteryumbilical artery, 
n umbilical win), v vitelline duct, t rectum, S tau, 
9 fore-leg. 9'hind-leg. (From Cosle.) 

it is the rudimqnt of ap ape-tail, the last 
hereditary relic of .a long hairy tail, which 
has been handed dowp, from ouf tertiary 
primate ancestors to thfe present day. 

It sometimes happens that w’e fina even 
external relics of this tail growing. 
.According to the illustrated works of 
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Surgeon-General Bernhard Ornstein, of l tion is hereditary i»\ certain isolateci tribes 
Grtece, these tailed irien are not un- i (especially in south-eastern Asia and the, 
common; it is not impossible that they 
gave' rise to the ancient fables of the 

satyrs. A great number of such cases ^ ’ 

are given by Max Bartels in his essay on i . \ ,1 

“Tailed Men ” (1884, in the An/iiv fur ^ I 

Anthropohgie, Band XV,), and critically llxift 

examined. These atavistic human tails 
are often mobile ; sometimes they contain 
only muscles and fat, sometimes also 






Fii,. i«7. Fiti. 18S. 

Fii.. 1S7. - Human ovum of ten dnvs. (From Allfn 
I'lioinviii I N.ilur.il si>!e, opened ; tlie sni.ill livtiis in 
the rif;lil h.ill. above. 

Fk. iHS Human foetus of ten d.-iyn, taken from 
the pieee«tln^ni.if'nitied ten limes, a yelk-sae, 
b neek (tlio ineilull.iry jjroove .tireiidy closed), r head 
(with oiHMi medullary (groove), tiind |Hirl (with open 
medull.iry ffri'ovi), r .i shrisl of thot^nion. 


Fig. 185.—The head of Miss Julia Pastrana. 
(From a pnotograph by Hintze.) 



Fig. 186.— Human ovum of twelve 'to l||irtecn 
days (?). (From Allen 'lliom,\on ) i. Not opened, 
natural size. 2. Opened and m.ignilied. Within the 
outer chorion the tiny curved fn;tiis lies on tlic large 
umbryonic vesicle, to the left above. 

rudiments of caudal vertebne. They 
attain a length of eight to ten inches and 
.Tnore. Granville Harrison has very c.'ire- 
fully studied one of these cases of “ pig¬ 
tail,” which he removed by operation from 
a six months’ old child in iqoi. The tail 
moved briskly wjjen the child cried or 
was excited, and Was Jraw'ii up when at 
rest. 

in the opinion of some travellers and 
anthropologists, the atavistic tail-forma- 



Fii!. iH<j. Human ovum of twenty to twenty-t.'o 
d.iys. (From /llten Thomxott.) Niituriil size, opened. 
The chorion forms .t sikiciouh vesicle, to the inner wall 
I'f which the small feutus (to the right above) Is 
.ittachMl by .t short umbilical cord 



Fig. >90.— Human footus of twenty to twcnty<fwa 
days, taken from the preceding ovum. mamiGtSi. 
a amnion, b yelk-i^, c lower-jaw process of the first 
gill-arch, tl upper-jaw prociMS of same, c second gill- 
arch (two smaller ones behind). Three gilt-clefts are 
clearly seen. / rudimentary fore-leg, £• auditory 
vesicle, A eye, i heart. 

archipelago), so that we might s||>eak of a 
special race or “species” of tail^ men 
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(Homo candatus ), Bartsls has “ no 
do«bt'that these tailed men will be dis- 
'Covered in the. advance of our go^Jgra- 
phical and cllino^raphical knovvl(^‘d^e of 
the lands in que>tKm ” {Arrhiv fur An'hm- 
polotrir. Hand XV., p. leq). 

When we open a human embryo of one 


large, and almost fills the whole of the 
pectoral cavity (Fig. i8it ov). "Behind tt' 
are the very small rudiiinl>nl,nry lungs; 
The primitive kidneys (m) are very large;, 
tliey till the greater part of the ab^>fninal 
cavity, and extend n'om the liver ff)i 6 
the pelvic gut. Thus at tlje end m the 





Fiii. iqi. Human embryo of sixteen to eighteen days. (From rwr.) Mrf^ificd. The embryo i» 

siiirroiiiuli'd by tin- .imnlon (»>. .mil Iio^ tn-e with H»is in llir opi’iu,.! einbryotiic vesicle. The belly is drawn up by 
the larffe yelk-sac ( li)< and l.islened to llic inift-r w.'ill ol the ctnhrvonii meiiibrane by the short and thick pedicle f Ajt 
Heftce llte iii|^|nal h'iiwn ciiive of the b.uk (I'ik' lyn) is here changed into an abnormal concave surface. 
/; heart, m parK^al incsoJcmi. The spots on tlie lUitcr wall of the serolcinma arc the roots of the-branching 
ehorion-viUi, )vhich .ire tree .at the Ixirdei. 


month (Fig. i8^), wc liiid the alimentary 
canal formed in tlie body-cavily, and j 
for the mofc>l pari cul olT from the cm- ' 
bryonic.vesicle. There are both mouth; 
and aiiu.s apertures. Hut the mouth- ; 
cavih* is not yet septnated from the nasal 
eavify, .Tnd the face not yet shaped. The 
hdart showis 411 its four sections ; it is very 


lirst month all tlje chief organs are already 
outlined. But there arc at this stage no 
features by which the human embryo 
materially differs from that of the 
the bare, tlie ox, or the horse—in a word, 
of an\' other higher mammal. All thege 
embryos have the same, or at least a very 
similar, form ; they can at the most be 
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4 i%lngmshed from the human cmliryo by The features by means of which we dis- 
|h 4 total siee of, the bbjy or some other tin^uish between them are not clear until 
insr iificant“diffeVeiice in size. Thus, for laler-on. Even at a much more advanced 
instance, in man the lu*ad ar^er in siai^o pf development, when we can dis- 
pro] prtion to the trunk than in tlie ox. tinguish the human foetus from that of 
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lout 111 uTi k, oiii’-lhird uf ,in null Iiuiff. bn'K disserted rhorion. 


The tail is r.itliei ’ioni;i, r in llio dot; ih.tn 
in man. Tliese .ire all ne.!.;Ii;;ihle dil- 
ferences. On the other hand, the whole 
internal orjfanisation and the forni and 
arranjfemenl of the various origans are 
essentially the saim* in the Iminan 
embryo of four weeks a«, in the embryos 
of the other mammals at eorre'npondim;; 
stag’cs. 

It is othcrw'ise in the second nionlh of 
human development, h'i!.;. lyt) repre¬ 
sents a human embryo of six w'eeks 
(VI.), one of seven weeks (VI 1 .), .ind 
one of eight weeks (VTll.), <U natunil 
size. The dilTerences which mark off 
the hum.'in embryo from that of the dog 
and the lower mammahi now' begin to 
be more prondliiiced. We can see 
important differences at the sixth, and 
still n^ore at the eighth, week, especially 
in the formation of the head. The 
size of the various sections of the laain 
i3 greater in man, .'ind tlie tail iii 
shorter. Other dilTerences betwex:n man 
and the lower mammals are found 
in the relative size of the internal 
organs. But even at this stage the 
human embryo differs very little from that 
of the nearest related mammals - - the apes, 
especially the antluopoinorphic apes. 



Fto. u>v-Human embryo oi tlic fourth wrek, with 
its iin*nibr,iiif>, liki' Kile 152, but a little older. The yetk- 
s;ie IS rather siiialler, tlie ainuum and chorion larger. 

*■ 

the ungul.'ites at a glance, it still closely 
resembles that of the higher apes. At 
last we gel llte distinctive features,' and 
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we dm distinguish the human embryo 
cohfidently at the first glance from that 
of all other mammals during the last four 
rnonths of fcetal life—from the sixth to the 
ninth month of pregnancy. Then we 
begin to find also the diflerencos between 
the various races of men, especially in 
regard to the formation of the skull and 
the face. (Cf. Chapter XXfll.) 

. The striking resemblance that persists 
so long between the embryo of man and 
of the higher apes disappears much earlier 
in the lo'^cr apes. It naturally remains 


famous Miss Julia Pastrana, Fig. iSp, 
it will be admitt^ to represent a higjar 
stage of development." There are ftill 
people among us^ wdio look especially to 
the face for the “ image of God in ipan.” 
The long-no.scd ape would ha>e ^ore” 
claim to this than some of the Cstumpy- 
n ■.ed human individuals one meets. 

This progressive divergenqs of the 
human fi-om the animal form/ which is 
based on the law of the ontogt.netic con¬ 
nection between related forms, is found in 
the structure of the internal orfans as well 



Fiq. 1 ^.—Human eipibpyo with its ineinbranes, six wooks oKl. Tho outfr onvti<>pc oi . . 
is the chorion, thickly uivored with its hranchini? villi, a priidiict of the serous nieinlin'inc. The embryo is enclosed 
in Ihttdelimte amnion-sne. The yelk-sac is rcuiieed to .a sm.ill pear-sli.aiKsl umbilical vesicle ; its thin, pedicle, the 
lon^ vitelline duct, is mclosoil in the umbilic.al cord. In the l.itter, behind the vitelline duct, in the much shorter 
,»pe4icle ot the allantois, the inner lamina of which (the Kul-pl.'ind layer) forms n laft^e vesicle in mvwt of the 
miimmals, while the outer himinn is attached to the inner w.ill of ihc outer embryonic coat, and forms the 
» placent.! there. (Half di.agrnniinalic.) 


longest in lhC|^ large aiithropomorphtc 
apes (gorilla, chimpanzee, oning, and 
gibbon). The physiognomic similarity 
of these animals, which we find so great 
in their earlier years, lessen.s with the 
increase of ;ige. On the other hand, 
it remain.s throughout life in the re-, 
niarkhhlc long-nosed ape of Uorneo 
(Nastt/ts lan^afus). Its fiilcly-sha[->cd 
nose would be regarded with envy by 
mafty a 'man who has too little of that 
organ. If we compare the face of the 
long-nosed aix^ with that of .abnormally 
ape-like human beings (such as the 


its in externtd form. It is also expressed 
in the construction of the eiivek>pcs and 
appendages that we find surrounding 
the fietus externally, and that we will 
now consider more closely. Two of these 
:ippend;igcs — the amnion and the allantois 
— are only found in the three higher 
classes of vertebrates, while the third, the 
jelk-sjic, is found in most of the verte¬ 
brates. This is a circumstance of great 
importance, and it gives us valuable data 
for constructing man’s genealogical tree. 

As regards tlie external membrane that 
encloses the ovum in the mammal womb, 


FOtTAL membranes AN£> CrRCtftATtON , 


‘ find k just the same in man as in the 
hifher ni^mmals. The ovum is, the reader 
wuf remember, first surrounded by tlfc 
transparent structureless avolcmma or somi 
(Figs. I, 14). But very soon, 
eveti it\ the first week of davelopmenl, I 
this is replaced by the permanent chorion. 
This is formed from the external layer of 
the amn^n, the serolemma, or “ serous 
niembrattp,” the formation of wlilch we 
shall coni^der presently ; it surrounds the 
fcEtus and its appendages as a broad, 1 
complctelyVclosed sac ; tlie space between ' 
the two, filled with clear watery fluid, is 
the scfvcoehm, or intc|famniotic cavity 


to one-third of an inch in diameter (Figs. 
i86-i88). As a large quantity of fluid 
gathers kiside it, the Chorion expands 
more and more, so that the embryo only 
occupies a small part of the space witliin 
the vqjiicle. The villi of the chorion grow 
larger and more numerous. They branch 
out more and ithm'c. At first the villi 
cover the whole surface, but they after¬ 
wards disappeai from tlw greater part of 
it; they then develop with proportionately 
greater vigour at a spot where the placenta 
is formed from the aUanluis. • 

When we op<«t the chorion of a human 
enmryo of three weeks, we- fiiid on t,he 



Fra. tqs.—Diagram of the embryonie organs of the mammal (fcetal membraoe^ and appeniUtres). 

(Ffom Turner.) E, M. H outur, middle, and iiiiuT ^.-rm layer oi the embryonic Hhteid. which is figured in 
median longitudinal section, seen from the lcH. am imnion. AC amniotic cavity, UV yelk'-sac or umbilical 
vesicle, AIX^ allantois, al tiericcelom or serouElom (int -r-ammotie cavity), sz scrolemma (or serous membrane), 
prochorion (with villi). 


(“extra-embryonic body-cavity”). Bui 
the smooth, surface of the sac is quickly 
covered with numbers of tiny tufts, which 
are really hollow outgrowths like the 
fingers o$.a gJovc (Figs. 186, 191, 198 chz). 
They ramify and push into the corres¬ 
ponding depressions that are formed by the 
tubular glands of the mucous membrane 
of the maternal womb. Thus,‘the ovum 
secures its permanent seat (Figs. 186-194). 

In human ova of eight to twelve days 
this external membrane, ihe chorion, is 
already covered with small tufts or villi, 
forms a hall or spheroid of one-fourth 


ventral side of the a large round 

sac, filled with fluid. Tnis is the yelk- 
sac, or “ umbilical vesicle,” the origirf of 
which wef have considered previously. 
The larger the embryo becomes the 
smaller wedind the yelk-sac. In the end 
we find the remainder of it in the shape 
of a small pear-shaped vesicle, fas^enod 
to a long" thin stalk (or pedicle), and 
hanging from the open Iwlly of'the fixtufk 
(Fig. 194). This pedicle is the vitelline 
**duct, and i.s separated from the body at 
the closing of the naveh , • 

Behind theyelk-sac a second appendage, 
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of much grealer iniportiincc, is fornwd at j ihc embrjo which we call the placenh 
an early at tlie belly of the mammal j Tlie pedicle of the allantois, whip 

embryo. vThis is the allaiUoi'. or “ primi-; c'ontiecls the embryo with the placeita 
tive urin^iry sac,” an important embryonic ; and conducts the strong umbilical vessels 
organ, only fotmd in the three highei' from tlie former to the latter, is covered 
classes of vertebrates. In all the anini- ' by the amnion, and, willi this amnlotic 
otes the allhntois nuickjy appears at the | sheath and the pedicle of the yelk-sac, 
hinder end of the alimentary canal, grow- I forms what is called the umbilical coni 
ing but of the c.iviiy el the pelvic gut i > h'ig. i()*> ol). As the large and blood- 
(Fig. 147 r, u, h'ig. i<>5 AL('). I filled \asciilar network of the ftetal 

The further de\elopinenl of theall.'intois I :dl:inti>is att.'u hes itself closfly to the 
varies considerably in ilu‘three sub-classes miaous lining of the maternal womb, 
of the mammttls. The two lower sub- i ;ind the partition between the blood- 
classes, monolremos artti marsupitils, j vessels of mother :ind chiid becomes 
retain the simpler structuie of their j much tliimier, ire get that remtirkahle 
ancestors, the reptiles. The wall of the * nutritive .ipparatus of the fmtal body 

which is characteristic of the 
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Fio. Diagrammatic frontal section of the pregnant 
human womb. (I'rom Longt'l.) Tin- i-mbrvo lian^T'T by tin.- 
umbilical_ cord, whicli cmicIdm". llic iHiciiclc ot llic atlanloih’ 
nh uinbilic.’il vessel, am amnion, <// clionon, lis ulna siTotm.i, 
tiv decidua M*ra, dr disidii.i roHox.i, r \ illi of tlu- pi.uviita, l iX’i\i^ 
uteri, u uterus. 


jilacentaya (or choriata). We 
shall return afterwards to the 
I loser eonsideralion of this (cf. 
Chapter XXIII.). 

In the various orders of mam¬ 
mals the placenta undergoes 
many modifications, and these 
arc hi part of great evolutionary 
import.nice and useful in classi¬ 
fication, Thcie is only one of 
these that need be specially men¬ 
tioned — theimporWint fact, estab¬ 
lished bv .Selenka in 1890, th.'it 
the distinctive human pliicenta- 
tion is conlincd to the anthro¬ 
poids. In this mcist advanced 
group of thf mammals the allan¬ 
tois is very small, soon loses its 
c.'ivily, and then, in common 
with the amnion, undergoes 
certain peculiar changes. The 
umbilical cord developes in this 
case from what is called the 
“ventral pedicle.” Until very 
recently this was regarded as a 
structure peculiar to man. We 
now know from Selenka that 


allantois and the en\ eloping serolemma 
remains smooth and without villi, as in 
tlie birds. But in the tliird sub-class of 
the,,,mammals the serolemma forms. In 
invagination :it its outer surface, ii 
number of hollow tufts or villi, from 
which it takes tlie name of (he thorion or 
mallachorioii. The gut-libre Ifiyer of the 
allantois, richly supplied with branches of 
the umbilical vessel, presses into these 
tufts of the primary chorion, and forms 
the “ .secondary chorion.” I t.‘i embryonic 
blood-vessels are closely correlated to 
the contiguous maternal tlood-\essels of 
the environing womb, and thus is formed 
the important nutritive apparatus of 


the much-discitssed ventral pedicle is 
merely the pedicle of the allantois, 
comliined with the pedicle of the 
.'imnion and the rudimentary pedicle of 
the yelk-s,ic. It has just the same struc¬ 
ture in the orang and gibbon (Fig. 197), 
and very probably in the chimpanzee 
and gorilla, as in man ; it is, therefore, 
not a diipmif, taut a striking fresh proof, 
of the blo«d-rclationship of man and the 
anthropoid apes. 

W\' find only in the anthropoid apes— 
the gibbon and orang of A.sia and the 
chimpanzee and gorilla of Africa — thp 
peculiar and elaborate formation of the 
pliicenla that characterises man (Ifig. 198). 
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1b this case there is at an cariv sta'j^e an 
-in^mate blending of Uk' chorion of llu* 
eiTtbryoand the part of the mucous lining 
of the wpmb to which it attaches. The 
villi of the chorion with the blood-vessels 
they contain grow so completelv in'o (he 
tissueof the uterus, which isrieh in blood, 
that it bt'comes impossible to separ.ite 
them, and they form together a sort of 
cake. This comes awav as the “after¬ 
birth ” at parturition: at the same lime, 
the part of the mucous lining of (he 
womb that has united iiisepaVahlv with 
the chorion is torn aw.iy; hence it is 
called the (h’cniua lalling-away mem- 


‘ uU'ritui /—namely, that part of tl^e mucous 
■ lining of the womb whicn uniftjs intimately 
: with the chorion-villi of the fcetal placenta. 
The internal i>r false decidua ( intenui or 
n’fh'xa, Fig. iqb »//•, Fig. i$ that 

part of tlie mucou.s lining of the womb 
which enclose,s the i»2mnining .stirfaceof the 
o\um, the smotith chorion ( chorion /<^>c jf, 
in the sha|X' of a .special thin membrane. 

1 The origin of these three dilTeient 
deciduous membranes, in regtird to which 
quite erroneous \ievvs (still retained in 
their namesj formeily prevailed, is now 
quite cle;ir, T(# extrirnal liccuiua wm is 
the specially modified and subsequently 



Frc. 107.— Male embryo of the Slamangr-glbbon .Sumatm, (we-thirds natural 

to the lott tlio dissivlod iitonis, ot which only llic dnrs.'il halt is ^■•ivcn 'I'lio embryo lias Ix’on taken out, 
and the limbs folded toi^cthcr it is still coniiccrcd l>y the iimbilii,il lord with tin: centre of the lircular jilaccnl.'i 
which is atUichcd to the inside ot ths womb. This embrjo lakes tin luad-position In the womli, .ind this is 
normal in man also. 


brane”), and also ibe “ sie\e-membrane,” 
because it is perforated like a sieve. We 
find a decidii.'i of this kind ir most of the 
higher placentals ; but it is only in man 
and the anthropoid apes that it divides 
into three part.s- the outer, inner, and 
placental decidua. The external or true 
decidua (Fig. 196 Fig. i()9 /r) Hi'-' 

part of the mucous lining of the womb 
that clothes the inner surface of the uterine 
cavity wherever it is not connected with 
the placenta. The placental or spongy 
decidua (piacentalis or'serofina, Fig. 196 
ds. Fig. 199 d) is really the placenta 
itself, or the maternal part of it (placenta 


detachable superficial stratum of the 
original mucous lining of the womb. 
Tlie placental decidua xcrotina is that p^rt 
of the preceding whicli is completely 
transformed by the ingrowlli of the 
chorion-villi, and is used for constructing 
the placenta. The inner decidua rejlexa 
is formed by the rise of a circular fold 
of the mucous lining (at the border of the 
deetdua vera and sendina), which grows 
over the fietus (like the amnion) to the 
end. 

The peculiar anatomic features that 
characterise the human fcetal membranes 
arc found in just the same way In thehigher'- 
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■ apes, y lAit rCf^ently it was tlioug^ht tliat the 
h^man fmbryo was distinguished'«l}y its 
peculiar xonstruction of A solid allantois 
and a special ventral pedicle, and that tlffe 
umbilical cord developed from this in a 
different way than in the other mammals. 
The opponents of the unwelcome “ape- 
theory”. laid great stress on this, and 
thouj^ht they had at last discovered an 
important indication that separated man 
from ^11 the other placentals. But tlie 


describe the amniqn hajftiio it^d-yiesisds 
at any moment of its.existent^. ,,But iha 
Other two Vosicle.s^ thtf yelk-sac '^iid 
allantois, are equipped with Jarge b{<, 
vessels, and these effect the nourishnietit 
of the embryonic body. We may take the 
opportunity to make a few general obser¬ 
vations on the first circulatidn in the 
embryo and its central t)rgan, the heart. 
The first hlooJ-ves.seIs, the heart;* and the 
first blood itself, are formed from the 
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Fw. iq8.— Frontal section of the pregnant human womb. (From Tumrr.) The embryo (a month 
old) hang’s in the middle of the amniotic r.avity b) the i cntral pedicle or umbilical cord, which connects it with the 
placenta'(abgve). ^ 


remarkable discoveries published by the ' 
distinguished zoologist Selenka in' iSqo 
prqveqJhat*,>t»an sharet? these peculiarities 
of placentation wilh^ the anthropoid apes, 
thdugh fhey are not found in the other ‘ 
apes. i^Thus the very feature which was 
adVatici^ by our critics as disproof 
became a most important piece’of evidence 
in^favour of our jiithecoid origin. 

Of the‘three vesicular appendages of 
the artiniote embryo which wc have. now. 


gut-fibre layer. Hence it was called by 
earlier embryologists the “vascular layer.” 
In a sense the term is quite correct. But 
it must not be understood as if all- the 
blood-vessels in the body came from this 
layer, or as if Ihe whole this layer were 
taken up only with the formation of blo^- 
vcssels. Neither of these suppositions* is 
true. Blood-vessels may be formed inde¬ 
pendently in other parts, espe^lly in the 
various products orthe’skin-fiwe laye/. 
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Fig. igQ_. Human fffitus, twolvo weeks old, with its membranes. N.iinrnl siyp. The umbillral t ortl 

ffoes Irorn it« navel lo tjie plaicnta. h .iinnion, c (hi)iiiin, if placi'nl.i, if relies I'l villi on sinouUi clioriiin. 
J inlcrnal or reflex dccidila, jf external or truedeeidua. (From /A Sthuftze.) 
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lan fbatus (at the end 
^ the latter'(to the, 
" 'ichultze.) 
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navel. ^TKnfA Rtmhard Sa 


ff P««awcy. in it* natural paiuti(Mi, taicen cwt df the ut(»rin4 
B left) IS the placenta, which is connected by the u^bilic^fKiit^ 
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' The first .blood-vessels of the mammal 
embryo have been considered by us 
previously, and we sliall study thedevclojv 
ment of the heart in the second volume. 

In every vertebrate it lies at first 
in the ventral wall of the fore-j(ut, or 
in the ventral (or cardiac) mesentery, by 
which it is connected for a time with 
the wall of the Body. Hut it soon 
severs itself from the place of its oriji^in, 
and lies freely in a cavity -tlie cardiac 


They rise in the wall of the fore-got, 
whicli they enclose in a sense, and then 
unite above, in the upper wall of the fore 
gut-cavity, to form a large single artery, 
tliat runs backward immediately under 
the diorda, and is called the aorta (Fig. 
201 The first’pair of aorta-arches 

rise on the inner wall of the first pair of 
gill-arches, and so lie between the- first 
gill-arch fk) and the fore-gut just 
as we find them throughout life in the 


Ad 



Fin. 201. - Vitelline vessels In the germlnatlve area of a chick-embryo, at Uio cUwc of the third day 

of incubation. (From Ha/Jonr.) The dcl.ithcd jri-rnnn.itiM-area in soon from 1 he xentralside: llie .irtcries arc 
dark, the veins light. Jiciirt, AA aort.a-arihes, .fn.ioil.i, K.O/.t ighl omiih.alo-mesentcric artery, .S', 7’. sinus 
terminaii.s, Z,._07 «nd right and left omphalo-moseiitcrie veins, .S'. 1'. sinus venosus, /7C. ductus Ciivieri, 

.V. Ca f 1 and l\Ca fore and hind Kird^n.-il \ ems. 


cavits. For .a short time it is still con¬ 
nected with the former by the thin 
plate of tlie me.scK'ardiuin. Afterwards 
it lies quite free in the cardiac cavity, 
and is only directly connected with the 
gut-wall by the vessels which issue 
from it, , ‘ 

The fore-end of the spindle-shaped tube, 
which soon bends into an ,S-shapc (Fig. 
202), divides into a right and left branch. 
These tube's are bent upwairds .-tivh-w ise, 
and repi'escnl the first arches of the aorta. 


fishes. The single aorta, which results 
from the conjunction of these ;two first 
vascular arches, divides again immediately 
into iw’o parallel branches, which run 
backwards on either side of the chorda. 
The.sc are the primitive aorlas which wc 
have already mentioned ; they are also 
c.'illed the posterior vertebral arteries. 
These two arteries now give off at each 
side, behind, at right angles, four or five 
branches, and these pass fropi the em¬ 
bryonic body to the germinative area ; they 
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are called omphalo-mesenteric or vitelline 
arteries. They represent the first begin- 
»ning of a foetal circulation. Thus, the 
first bloodvessels pass over the embryonic 
body and reach as far as the edge of the 
germinative area. At first they arc 
confined to the dark or “ vascular ” area. 
But they afterwards extend over the whole 
surface of the embryonic vesicle. In the 
end, the whole of the yelk-sac is covered 
with a vascular net-work. These vessels 
have to gather food from the contents of 
' the yelk-sac and convey it to the em¬ 
bryonic body. This is done by the veins, 
which pass fiist from the germinative 
area, and afterwards from the yelk-sac, 
to the farther end of the heart. They are 
called vitelline, or, frequently, omphalo¬ 
mesenteric, veins. 

These vessels naturally atrophy with 
the degeneration of the umbilical vesicle, 
and the vitelline circulation is replaied 
by a second, that of the allantois. Lar ge 
blood-vessels are developed in the wall of 
the urinary sac or the allantois, as befor e, 
from the gut-libre layer. These vessels 
grow larger and larger, and are very 
closely connected with the vessels that 
develop in the lx>dy of the embr\o itself. 
Thus, the .secondary, allantoic cirvulatimi 
gradually takes the place of the origin.d 
vitelline circulation. When the all.mlois 
has attached itself to the inner wall rrf 
the chorion and been converted into the 
placenta, its bUrod-vessels alone effect the 
nourishment of the embryo. They are 
called umbilical ves.sels, and are origitr- 
ally double—a pair of umbilical arteries 
and a pair of umbilical veins. The two 
umbilical veins (Kig. iS^ ;/), which convey 
blood from the placenta to the heart, open 
at first into the united vitelline veins. I'he 
latter then disappear, and the right 
umbilical vein goes with them, so that 
henceforth a single large vein, the left 
umbilical vein, conducts all the blood from 
the placenta to the heart of the errrbryo. 
The two arteries of the allantois, or the 
umbilical arteries (Figs. 1S3 w, 184 w), 
arc merely the ullinrate terminations of 
the primitive aortas, which arc strongly 
developed afterwards. This umbilical 
circul.'ition is retained until the nine 
months of enrbryonic life are over, and 
the human embryo enters into the world 
as an independent individual. The um¬ 
bilical cord (Fig. 196 a/), in which these 
large blood-vessels pass from the embryo 
to the placenta, comes away, together 
with the latter, in the after-birth, and 


with the lise ot the lungs begins an 
entirely new form of circulation, which is 
confined to tlie body of the infant. 

There is a great phylogenetic .signi¬ 
ficance in the' perfect agreement which 
we find between man and the' anthropoid 
apes in these important features of em¬ 
bryonic circulation, and the special con¬ 
struction of the placurita and the umbilical 
cord. 'V\’e must infer from it a close 
bk)od-relationship of man and the anthro- 
jiomorphic apes—a common de.scent of 
them from one and the same eittinct 



Fi(i. Boat-shaped embryo of tho dor, 

froin tti 4 - v(fitr.il siilc, ina^niiied about tin limes. In 
front nnd, r the iorcliead we c,-xn «M‘e tile first pair of 
t'lll-arthes . iinderneaUi is the S-sliaped he;irt, at tho 
sides ol whali .are Uie .auditory vesicles. The heart 
tlivides behind intij the two vitelline veins, which 
expand in the (I'rrminalive area (wliich is torn idF all 
round). On the floor ot ttie_ open lielly lie, between 
the protoi ertebr.a^, the primitive aortas, from which 
five pairs ol vitelline aitenes are, jfiven off. (From 
iUsthoJ] ) ' 

group of lower apes. Huxley's “ pitheco- 
melra-principle” applie.s to these onto¬ 
genetic feature.s as much as to any other 
morphological relations: “The differences 
in construction of any pjfrt of the body 
are less between man and the anthropoid 
apes than between the latter and the 
lower apes.” > t 

This important Hdxleian law, the chief 
consequence of which is “ the descent of 
man from tlie ape,” has lately been con¬ 
firmed in an interesting and unexpected 
way from the side of the experimental 
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^y$K}hgv 0 ( lilite blood. The experi- AsWekii 

tnenisei^Hans I^dedenlhal at Berlin have that tjhte i, . _ ___ 

’ human blood, mixed with 4 he blood is -^bnly possil^o without-injury tii 

^lood of 15 ^ec apes, has a poisonous the case of two eloscfy'telated'animals ui 





from nmy (nherekpeyrimflntiH 
Ixture of two different kinds 




PiO. A03.—Utr or white-handed gibbon (Hyhbates lar or albimoHus), from the Indian mainland (From 
JRrthm.) 

effect on the latter; the serum of the one the same family, wc have another prpof ‘ 
destroys the blood-cells of the other. But of the close blood-relationship, in the 
this does not happen When human blood literal sense of the word, of man and the 
is mixed with that of the anthropoid ajK;. anthropoid ape. 
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ttnthropotd^apes oi)ly ^ht to twelve species Jn the East- 
a feiiwl- pf a larg’fe tamlly of Indies. I idadc obsotvhtions p^ foiA: of 

eastern apes (of- Cat^rrntna'), from which them during^ my voyage ih the Kasfifndies 
nun was evPlved about the end of the (tpoi), and had a specimen .o'f the Jtsh- 
Tertiaiy penod. '■They fitll into two geo- grey gibbon f Hylohates leuciscus ^^livipg 



Fig. 204.— Young orttxiz ( asleep- 


graphical groups—the Asiatic and the 
^African anthropoids. In each group we 
can distinguish two genera. The oldest 
of these four genera is the gibbon 
{Hyh^ates, Fig. 203}; there are from 


for several months in the garden of my 
house in Java. I have described the 
interesting habits of this ape (regarded by. 
the Malays as the wiki descendant of men, 
who had lost their way) in my Malayisekm,. 
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it.). Psycht)l(>g:ically, 
he shoVv^ a ^06d deal of resemblance to 
the- children of my Malay hosts, with 
jwjtiom he played and formed a very dose 
friendship. 

The second, lacffer and stroiifjer, fjenus 
of A.sialic anthropoid ape is the orang 
fSa/yrus); he i^ now^ found only in the 
islands of Borneo and Sumatra. Selenka, 


AND CIRCUfAnOJ^ 

liar and salient cheek*pads ui- the 
elderly male; these ^re wanting in the 
other group, the ordinary orang-ottt^g 
{Kusatyrus), ' ' 

.Several species have lately, been distin¬ 
guished in the two genera of the black 
African anthropoid apes.(chimpan2ee and 
gorilla). In the genus Anthropiihecm 
\KyrAnthropoptlhccus,\ormQxVj'Troglodyles), 
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Fig. 805.— Wild orangt ( Dyssatyms aurtius). (From K. Firk and /.eutcmaiin.) 



who has published a \ crv tlioi ougli .S 7 «rfi' 
of the Davlopmcnt and Cniiiia/ .Sfrurtn/v 
of the Anihropoid Apes (i(Sq9), distin- 
/guishes ten races of the orang, which 
may, however, also be regarded as “local 
varieties or species.” They fall into two 
sub-genera or genera; one group, Dis- 
satyrus (orang - bentang, Fig. 205), is 
distinguished’ for the strength of its 
limbs, and ilie formation of very pecu- 


the bald-licaded chimpanzee, A. cabms 
(Fig. 206), and the gorilla-like zl. mafuca 
diller very strikingly from the ordi¬ 
nary Anthropiihecus niger (Fig. 207), 
not' only in the size and proportion of 
many parts of the body, but also in the 
peculiar shape of the head, especially the 
ears and lips, and in the hair and colour. 
The controiersy that still continues-aS 
to vvlieiher these different forms of 



